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B r a w l e y ,  Kimber  C. ,  M . S . ,  Augus t  1977 W i l d l i f e  B i o l o g y
Domes t i c  sheep m o r t a l i t y  d u r i n g  and a f t e r  t e s t s  o f  s e v e r a l  p r e d a t o r  
c o n t r o l  methods (69 p p . )
D i r e c t o r :  B a r t  W. O ' Gara
T h i s  was t h e  t h i r d  s t u d y  con d u c t e d  on t h e  Cook Ranch i n w e s t e r n  
Montana t o  document  p r e d a t o r - c a u s e d  l i v e s t o c k  l o s s e s  and t h e  e f f e c ­
t i v e n e s s  o f  c o n v e n t i o n a l  and e x p e r i m e n t a l  p r e d a t o r  c o n t r o l  t e s t s  
c onduc t ed  by t h e  Denver  W i l d l i f e  Research C e n t e r .  The f i r s t  and 
second s t u d i e s  encompassed an e n t i r e  y e a r ,  t h e  t h i r d  months .  The 
p e r i o d s  15 March t o  1 Oc t o b e r  f o r  each s t u d y  a r e  r e f e r r e d  t o  as :
1974 , P a r t  I (Henne 1975) ;  1975,  P a r t  I I  (Munoz 1976 ) ;  and 1976,
P a r t  I I I  ( t h i s  s t u d y ) .  Deaths o f  lambs ( Ov i s  a r i e s ) n o t  i n v o l v i n g  
p r e d a t i o n  were compa r ab l e  d u r i n g  P a r t s  I and I I  b u t  i n c r e a s e d  d u r i n g
I I I .  Deaths o f  ewes n o t  i n v o l v i n g  p r e d a t i o n  i n c r e a s e d  s t e a d i l y  f r om 
P a r t  I t o  I I I .  Ravens ( Corvus c o r a x ) , go l den  e a g l e s  (A q u i l a  c h r y s a e t o s ) , 
and f ox es  ( Vu l pes  v u l p e s ) were  n o t  c o n s i d e r e d  s i g n i f i c a n t  p r e d a t o r s  o f  
sheep d u r i n g  t he  t h r e e  s t u d i e s .  Dogs ( Can i s fami  1 i a r i s ) f r om n e i g h ­
b o r i n g  r anches  k i l l e d  one t o x i c - c o l l a r e d  lamb and two o f  Cook ' s  sheep 
and wounded a t  l e a s t  s i x  ewes d u r i n g  P a r t  I I I .  Coyotes  ( Can i s  l a t r a n s )  
k i l l e d  363 sheep (17.8% o f  t he  exposed he r d )  d u r i n g  P a r t  T* sheep
( 13 . 0% o f  an expanded h e r d )  d u r i n g  I I ;  and 227 sheep (8.7% o f  t he  
exposed he r d )  d u r i n g  M l .  D u r i ng  P a r t  I I I ,  c o y o t e s  k i l l e d  9 o f  12 
ob s e r v e d  s i c k  sheep.  A m a j o r  s e c o n d a r y  e f f e c t  o f  c o y o t e  p r e d a t i o n  
was t he  d e t e r i o r a t i o n  o f  t he  h e a l t h  o f  t he  ewe h e r d ,  s i n c e  r ep l ac e m e n t  
ewes were g e n e r a l l y  o l d e r ,  d i s e a s e - p r o n e  a n i m a l s .  The h e a l t h  o f  sheep 
k i l l e d  by c o y o t e s  d e c l i n e d  s t e a d i l y  f r om P a r t  I t o  I I I .  D e p r e d a t i o n  
c o n t r o l s  reduced l o s s e s  t o  c o y o t e s  d u r i n g  P a r t  I I I .  The d i r e c t  e f f e c t s  
o f  t h e  v a r i o u s  c o n t r o l  methods t e s t e d  and t h e  p o s s i b l e  i n f l u e n c e s  o f  
sheep management ,  a v a i l a b i l i t y  o f  a l t e r n a t e  p r e y ,  c o y o t e  p o p u l a t i o n  
movements,  and c a n i d  s o c i a l  i n t e r a c t i o n s  on t h e  e f f e c t i v e n e s s  o f  
c o n t r o l s  and f l u c t u a t i o n s  in k i l l  l e v e l s  were  d i s c u s s e d .  The v a r i o u s  
methods t e s t e d  were ranked e m p i r i c a l l y  a c c o r d i n g  t o  t h e i r  s e l e c t i v i t y  
f o r  s h e e p - k i l l i n g  c o y o t e s  and e f f e c t i v e n e s s  i n  r e d u c i n g  d e p r e d a t i o n s  
on t he  Cook Ranch.  C o n t r o l s  appeared  t o  be most  e f f e c t i v e  when n a t u ­
r a l  c o y o t e  p o p u l a t i o n  d e n s i t i e s  were  a t  t h e i r  l o w e s t  l e v e l s  and 
r e p l ac e m e n t  by i m m i g r a t i n g  c o y o t es  was l e a s t  l i k e l y .  T h i s  m o b i l i t y  
o f  c o y o t e s  makes damage c o n t r o l  i n an a r ea  l i k e  t h e  Cook Ranch 
e x t r e m e l y  d i f f i c u l t  w i t h o u t  w i de s p r e a d  c o n t r o l  e f f o r t s .  The s e l e c ­
t i o n  o f  c o n t r o l  methods r e q u i r e s  e v a l u a t i o n  o f  t he  d e s i r a b i l i t y  o f  
r e d u c i n g  o v e r a l l  c o y o t e  p o p u l a t i o n  l e v e l s  and t h e  e f f e c t s  o f  such 
r e d u c t i o n  on o t h e r  s p e c i e s .
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CHAPTER I 
INTRODUCTION
The Cain Repo r t  (Ca i n  e t  a l .  1972) and t he  s ubsequen t  d e c i s i o n s  
o f  f o r me r  P r e s i d e n t  Ni xon  and t he  E n v i r o n m e n t a l  P r o t e c t i o n  Agency 
f e l l  on a sheepmen' s  w o r l d  i l l - p r e p a r e d  t o  a c c e p t  any c u r t a i l m e n t  o f  
l a r g e - s c a l e  p r e d a t o r  c o n t r o l .  L i t t l e  " h a r d "  da t a  e x i s t e d  a t  t h a t  
t i me  t o  s u b s t a n t i a t e  t he  e n s u i n g  c l a i m s  o f  e x t e n s i v e  l i v e s t o c k  l o s s e s  
t o  w i l d  p r e d a t o r s ;  l i t t l e  hard da t a  e x i s t e d  t o  v e r i f y  t he  e f f e c t i v e ­
ness o f  w i d e s p r e a d  p r e d a t o r  c o n t r o l ,  p a r t i c u l a r l y  t h e  use o f  
t o x i c a n t s ,  i n r e d u c i n g  t hos e  l o s s e s .  The need t h e r e f o r e  a r os e  f o r  
r e s e a r c h  t o :  1) document  p r e d a t o r - c a u s e d  l i v e s t o c k  l o s s e s ;  2) t e s t
t he  e f f e c t i v e n e s s  o f  c o n v e n t i o n a l  d e p r e d a t i o n  c o n t r o l  me t hods ;  and 
3) d ev e l op  more s e l e c t i v e  (and hence,  more e f f e c t i v e )  c o n t r o l  methods .  
One such se t  o f  s t u d i e s  began on t he  Cook Ranch,  l o c a t e d  i n  t he  
B i t t e r r o o t  V a l l e y  o f  w e s t e r n  Montana ( F i g .  1 ) ,  under  t h e  d i r e c t i o n  
o f  Dr .  O ' Gara.  The i n i t i a l  a im o f  t h e  r e s e a r c h  was t o  document  a l l  
d o m e s t i c  sheep m o r t a l i t y  and v e r i f y  l o s s e s  t o  p r e d a t o r s  b u t  e v o l v e d  
t o  encompass t he  two above ar eas  o f  c o n t r o l  methods .
Henne (1975)  con d u c t e d  t he  f i r s t  s t u d y  f r om 15 March 1974 t o  
14 March 1975.  He was p r i m a r i l y  c once r ned  w i t h  sheep m o r t a l i t y  in 
a shed l amb i ng ,  u n h e r d e d - f e n c ed  g r a z i n g  management  o p e r a t i o n  in t he  
absence o f  a l l  p r e d a t o r  c o n t r o l s  f r om d o c k i n g  u n t i l  m a r k e t i n g  o f  l ambs.  
L i m i t e d  p r i v a t e  c o n t r o l  c o n s i s t i n g  o f  t r a p p i n g  and h u n t i n g  was a l l o w e d  
a f t e r  m a r k e t i n g  bu t  had l i t t l e  o r  no i n f l u e n c e  on p r e d a t i o n  l e v e l s .
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He documented t o t a l  l osses  o f  527 sheep (19.8% o f  t he  h e r d ) ;  8 2 . 7  p e r ­
c en t  o f  t h i s  t o t a l  (436 a n i ma l s  o r  16.4% o f  t he  o r i g i n a l  h e r d )  was 
a t t r i b u t e d  t o  p r e d a t i o n  by c o y o t e s .
Munoz ( 1976) c o n t i n u e d  t he  s t u d y  f r om 15 March 1975 t o  14 March 
1976. Hi s  r e s u l t s  were even more d r a m a t i c ;  602 sheep f e l l  p r e y  t o  
c o y o t e s .  W h i l e  t h i s  f i g u r e  r e p r e s e n t e d  a s l i g h t l y  l ower  (16.2%)  
p e r c e n t a g e  o f  an expanded h e r d ,  t he  number  o f  a n i m a l s  l o s t  by Sep­
tember  1975 and t he  c o s t  t o  t he  p r o j e c t  (Cook was r e i m b u r s e d  f o r  a l l  
v e r i f i e d  l o s s e s  t o  w i l d  p r e d a t o r s  t h r o u g h o u t  t he  s t u d i e s )  l ed  t o  t h e  
b e g i n n i n g  o f  p r e d a t i o n  c o n t r o l  t e s t s .  Munoz m o n i t o r e d  t h e  e f f e c t s  o f  
c o n v e n t i o n a l  methods (M-44s,  a e r i a l  h u n t i n g ,  and s n a r e s )  and p a r t i c i ­
pa ted  in f i e l d  t e s t s  o f  two e x p e r i m e n t a l  me t hods ,  t he  sod i um c y a n i d e  
(NaCN) c o l l a r  and a r e p e l l e n t  s p r ay  (ARS-CR2) , c onduc t ed  by t he  
DWRC and t h e  D ubo i s ,  I daho ,  USDA Sheep Ex p e r i me n t  S t a t i o n ,  r e s p e c t i v e l y .  
The c o n v e n t i o n a l  methods met w i t h  l i m i t e d  success .  Snares c a u g h t  o n l y  
t h r e e  c o y o t e s  and a f f e c t e d  p r e d a t i o n  l e v e l s  l i t t l e  i f  a t  a l l .  "M-44s 
reduced ex t r eme  d a i l y  k i l l s  . . . bu t  ne v e r  c o m p l e t e l y  s t opped  
p r e d a t i o n . “  (Munoz 1 9 7 6 : 3 6 ) .  A e r i a l  h u n t i n g  had much t he  same e f f e c t  
a t  f i r s t  b u t  appeared  t o  have a l a s t i n g  e f f e c t  t he  l a s t  t i m e  used 
( l a t e  J a n u a r y  1976) .  However ,  t h e  l a s t  hu n t  o c c u r r e d  i m m e d i a t e l y  
p r i o r  t o  movement  o f  t he  herd  t o  t he  Ranch b u i l d i n g  comp l ex  f o r  
l amb i ng  p r e p a r a t i o n s .  Of  t he  e x p e r i m e n t a l  me thods ,  sod ium c y a n i d e  
c o l l a r s  p r oved  i n e f f e c t i v e ;  t he  t e s t  o f  ARS-CR2 was i n c o n c l u s i v e .
My s t u d y  began 15 March and ended 30 September  1976 when s a l e  
o f  t he  Ranch became f i n a l  and Cook wen t  o u t  o f  t he  sheep b u s i n e s s .  
Because o f  t he  ban on p r e d a c i d e s ,  he f e l t  i t  was i m p o s s i b l e  t o
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p r o f i t a b l y  r a i s e  sheep in t he  B i t t e r r o o t  V a l l e y .  He and gover nment  
agen t s  had used e v e r y  l e g a l  means o f  c o n t r o l  w i t h  l i m i t e d  succes s .
My o b j e c t i v e s  were t o :
1) document  sheep m o r t a l i t y  d u r i n g  t e s t s  o f  c o n v e n t i o n a l  and 
e x p e r i m e n t a l  d e p r e d a t i o n  c o n t r o l  methods by t h e  DWRC and compare 
sheep m o r t a l i t y  w i t h  t h e  da t a  o f  Henne (1975)  and Munoz (1976)  f o r  
t he  same p e r i o d  (15 March t h r o u g h  30 Se p t emb e r ) ;
2) a s s i s t  t he  DWRC in t e s t s  o f  c o n t r o l  me thods ;  and
3) d e t e r m i n e  t he  e f f e c t s  o f  c o n t r o l s  on c o y o t e  movements and 
d a i l y  use p a t t e r n s .
A l l  numbers used i n t he  sheep m o r t a l i t y  t a b l e s  were t aken  f r om 
the  p e r i o d  15 March t o  30 September  o f  t h e  r e s p e c t i v e  s t u d i e s .
CHAPTER I I 
METHODS AND MATERIALS
St udy  Area
The Cook Ranch was s i t u a t e d  in t he  f o o t h i l l s  o f  t he  S a p p h i r e  
Mou n t a i ns  14 m i l e s  s ou t h  o f  M i s s o u l a ,  Montana ( F i g .  l ) ,  w i t h  v e g e t a t i o n  
and t o p o g r a p h y  t y p i c a l  o f  t h e  Pa l ouse  p r a i r i e  t y p e .  D e t a i l e d  d e s c r i p ­
t i o n  o f  t h e  s t u d y  area  were c o n t a i n e d  in Henne ( 1 9 7 5 : 4 )  and Munoz 
( 1976:6 ) .
Documen t a t i o n  o f  Sheep M o r t a l i t y
W i t h  few m o d i f i c a t i o n s ,  t he  p r oc e d u r e s  used by Henne ( 1975 : 10 )  
and Munoz (1976)  were  f o l l o w e d  i n  t h i s  s t u d y .
Most  sea r ches  were made f r om h o r s e b a c k ,  t he  r e s t  f r om t r u c k s .  
Searches  on ho r s ebac k  were more t i m e  consumi ng than  t h o s e  f r om t r u c k s  
b u t  o f f e r e d  b e t t e r  v i s i b i l i t y  f o r  d e t e c t i n g  k i l l s  and c o y o t e  s i g n s ,  
b e t t e r  a u d i t o r y  and v i s u a l  c o n t a c t  w i t h  s c avange r  b i r d s ,  b e t t e r  
o l f a c t o r y  c o n t a c t  w i t h  c a r c a s s e s ,  and mi n i ma l  damage t o  p a s t u r e s .
E a r l y  each m o r n i ng ,  t h e  p a s t u r e s  were  q u i c k l y  su r v ey ed  f o r  t h e  p r esence  
o f  r avens  and go l den  e a g l e s ,  good i n d i c a t o r s  o f  k i l l  s i t e s .  Bedd i ng  
g r o u n d s ,  f r e q u e n t l y  l o c a t e d  on v an t age  p o i n t s  were  t he  s i t e s  o f  most  
k i l l s .  Search p a t t e r n s  were  c o n c e n t r a t e d  a round b e dd i ng  g r ounds  and 
a d j a c e n t  draws in i r r e g u l a r  t e r r a i n .  Level  p a s t u r e s  were t r a v e r s e d  in 
a s e r i e s  o f  p a r a l l e l  l i n e s .
Car casses  were examined and n e c r o p s i e d  in t h e  manner  d e s c r i b e d  
by Henne ( 1975 : 13 )  and Munoz ( 1 9 7 6 : 8 ) ,  and da t a  were r e c o r de d  on a
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s t a n d a r d  c a r d  ( F i g .  2 ) .  K i l l  s i t e s  and k i l l  and f e e d i n g  p a t t e r n s  were 
n o t e d ;  neck and t h r o a t  a r e a s ,  t he  p r i m a r y  c o y o t e  a t t a c k  zone,  were 
s k i n n e d  and examined f o r  wounds,  as were  any o t h e r  s u s p i c i o u s - l o o k i n g  
a r e a s .  Canid t r a c k s  i n and a round p a s t u r e s  where k i l l s  o c c u r r e d  were  
used t o  d e t e r m i n e  i f  sheep w i t h  unusua l  k i l l  p a t t e r n s  were k i l l e d  by 
i n e x p e r i e n c e d  c oy o t es  o r  e x p e r i e n c e d  dogs .  Subcutaneous  hemmorhaging 
was t aken  as e v i d e n c e  t h a t  an a t t a c k  had o c c u r r e d  p r i o r  t o  t h e  s h e e p ' s  
d e a t h .  I n t e r n a l  o r g a n s ,  i f  any r ema i ned ,  were examined f o r  a b n o r m a l ­
i t i e s .  Carcasses  ( e x c e p t  t hos e  used i n  M-44 t e s t s )  were s u b s e q u e n t l y  
h a u l ed  t o  t he  Ranch dump.
Wounded sheep wh i c h  c o u l d  be c augh t  were  s a c r i f i c e d  by i n v e s ­
t i g a t o r s ;  e x p e r i e n c e  g a i ne d  by Henne (1975)  i n d i c a t e d  t h a t  sheep t h a t  
were wounded by p r e d a t o r s  soon d i ed  o f  i n f e c t i o n s  a n d / o r  s e v e r e  maggot  
i n f e s t a t i o n s .
Data on sheep m o r t a l i t y  were compared u s i n g  t h e  C h i - s q u a r e d  t e s t  
o f  f i t  on t he  numbers i n t h e  A p pend i ces .
P r eda t  i on C o n t r o l s
Four  c o n v e n t i o n a l  p r e d a t o r  c o n t r o l  methods ( s n a r e s ,  l e g h o l d  
t r a p s ,  M - 4 4 s , and a e r i a l  h u n t i n g )  and two e x p e r i m e n t a l  methods ( t h e  
t o x i c  c o l l a r  and t r a i n e d  guard dogs)  were  m o n i t o r e d .  T a r g e t  lambs 
k i l l e d  d u r i n g  t o x i c  c o l l a r  t e s t s  were n o t  i n c l u d e d  in t h e  m o r t a l i t y  
t ab  1 e s .
Snares { j  / 1 6 i n .  ( 1 . 59  mm) s t e e l  c a b l e  made a t  t he  P o c a t e l l o  
Supp l y  Depo t ]  and V i c t o r  No. 3 s t e e l  l e g h o l d  t r a p s  were c o n c e a l ed  on 
c o y o t e  t r a v e l  p a t h s .  Lewi s  ( l o c a l  An imal  Damage C o n t r o l  Agen t )  and
F i g .  2.  Sheep c a r c a s s  datum c a r d .
SHEEP CARCASS DATA
Invest  ig a t o r ( s )  
Time of  A r r i v a l
Date
Locat ion
Topography and v eg e ta t ion :  Level_________
Pasture ( type)  _________   Wooded^




No. o f  Photos Animal No. Sex
Aqe S i ng1 e t Twin T r i p l e t
Cause of  Death: Di sease Type
Ace i dent Cause





Est.  Time of  Death
Mut i 1 at  ion :
Wound Locat ion
Remarks :
Ext .  Bleeding
Subcut. Hemm
Tooth marks: 1 Surface 2 Surfaces
Condit ion a t  Death:  
Head ___
T h r o a t  __________







In t e s t  i nes
Stomach system: Food Present_ Absent Undet
No, Fetuses ( i f  Ewe): 0 1 2  3 Undet.  
Date ________________ _ Exami ner
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Severson ( b i o l o g i c a l  t e c h n i c i a n  w i t h  t he  DWRC) a t t a c h e d  s na r es  t o  
f e n c e  bo t t oms  i n  s h a l l o w  s c r apes  dug by c o y o t e s .  Lewi s  s e t  t r a p s  in 
o r  nea r  s c r apes  w i t h  an a t t r a c t a n t  s c e n t  n e a r by .  S tudy  pe r s o n n e l  
checked t r a p s  and snar es  d a i l y ;  t r a p s  were r e s e t  by Lewi s  i f  sp r ung .
M-44s ;  d e v i c e s  c o n s i s t i n g  o f  a sodium c y a n i d e  ( N a C N ) - f i l l e d  
c a p s u l e  w i t h  a s p r i n g - l o a d e d  e j e c t i n g  rod s e t  i n  a meta l  t u b e  d r i v e n  
i n t o  t h e  g r ound ,  were s e t  by Lewis  a l o n g  s e l e c t e d  c o y o t e  t r a v e l  r o u t e s  
and nea r  sheep c a r c a s s e s .  A c o y o t e  t u g g i n g  on t h e  f o o d - s c e n t e d  
c a p s u l e  h o l d e r  wou l d  t r i p  t he  s p r i n g  and r e c e i v e  an o r a l  dose o f  
NaCN.
A e r i a l  h u n t i n g  i n v o l v e d  e a r l y  mo r n i ng  pos t - dawn  f l i g h t s  i n a 
t h r ee - man  h e l i c o p t e r  w i t h  t he  passenge r  d oo r  removed;  t h e  gunner  
used a 12-gauge sho t gun  l oaded w i t h  BB o r  No. 4 b u c k s h o t  t o  k i l l  
c o y o t e s .  Lewis  was t he  gunne r  on 28 May and 1 and 11 June ;  McBr i de  
( S e c t i o n  o f  P r e d a t o r  Damage, DWRC) d i d  t he  s h o o t i n g  on 30 May.
The t o x i c  c o l l a r ,  d e s c r i b e d  in d e t a i l  by C o n n o l l y  e t  a l .  ( 1 9 7 6 a ) ,  
c o n s i s t e d  o f  two o r  f o u r  p l a s t i c  p a c k e t s  f i l l e d  w i t h  D i p h a c i n o n e  
(an a n t i c o a g u l a n t )  p l ac e d  v e n t r a l  t o  t he  ea r s  o f  s p e c i a l l y - m a r k e d  
lambs.  Ny lon co r d  was used t o  f a s t e n  t he  p a c k e t s  t o g e t h e r  d u r i n g  
e a r l y  t e s t s ,  bu t  was r e p l a c e d  w i t h  V e l c r o  when t he  c o r d  caused 
i r r i t a t i o n  and i n f e c t i o n s  in r a p i d l y - g r o w i n g  lambs.  C o l l a r e d  lambs 
roamed f r e e  i n s e l e c t e d  p a s t u r e s .  These lambs were r e l e a s e d  in pas t  
and a n t i c i p a t e d  t r o u b l e  a reas  f r om 23 March t o  30 A p r i l  w h i l e  t he  
main he r d  was a t  t he  Ranch compl ex  f o r  l amb i ng .  From 1 May t o  30 
June ,  c o l l a r e d  lambs were p l a c e d  in p a s t u r e s  s e p a r a t e  f r om t he  main 
he rds  t o  i n t e r c e p t  p r ob l em c o y o t e s .  The f i n a l  c o l l a r  t e s t ,  8 t o  27
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September ,  i n v o l v e d  d r i v i n g  t he  sheep f r om t he  p a s t u r e  each e v en i n g  
and r e p l a c i n g  them w i t h  c o l l a r e d  lambs on t he  b edd i n g  g r o u n d s .
The guard  dogs ,  a p a i r  o f  Hunga r i an  Komondorok,  were  t r a i n e d  a t  
t he  DWRC by h a n d l e r  C a r r i g a n  ( L i n h a r t  e t  a l .  i n  p r e p . )  under  t he  
s u p e r v i s i o n  o f  L i n h a r t  and S t e r n e r .  A l l  M-44s and s n a r e s ,  and a l l  
e x c e p t  one t r a p  (an o v e r s i g h t ) ,  were  removed 10 days p r i o r  t o  
b e g i n n i n g  t h e  dog t e s t .  On 18 J u l y ,  t he  dogs were p l a c e d  in t he  
p a s t u r e  w i t h  Herd A and remai ned t h e r e  w i t h  t h e  sheep f o r  20 days .
The h a n d l e r  a s s i s t e d  in mor n i ng  sea r ches  o f  t h a t  p a s t u r e  and r e t u r n e d  
each e v e n i n g  t o  f eed  t he  dogs.  A f t e r  t he  her d  was moved t o  a n o t h e r  
p a s t u r e ,  r a d i o  c o l l a r s  were p u t  on t he  dogs t o  t r a c e  t h e i r  n i g h t l y  
movements i n t h e  t e s t  p a s t u r e .
T i s s u e  samples were taken  f r om  10 o f  t h e  r e c o v e r ed  c o y o t e s ;  two 
o t h e r s  were b a d l y  decomposed. These samples were  f r o z e n  and s e n t  t o  
the  DWRC f o r  D i p h a c in o n e  a n a l y s e s .  A c a n i n e  t o o t h  f r o m  each c o y o te  
was s e c t i o n e d  and aged by Montana M i c r o s c o p i c  a c c o r d i n g  t o  t h e  
p ro c e d u r e  o u t l i n e d  by L i n h a r t  and Know l ton  ( 1 9 6 7 ) .
Coyo te Movements and D a i l y  Use P a t t e r n s
D a i l y  r e c o r d s  were k e p t  o f  c o y o t e  s i g n s .  Whenever p o s s i b l e ,  
s t u d y  p e r s o n n e l  d e t e r m i n e d  d i r e c t i o n  and a p p r o x i m a t e  t im e  o f  t r a v e l  
and access  p o i n t s  t o  p a s t u r e s  c o n t a i n i n g  sheep.  Coyote s i g h t i n g s  
and p e c u l i a r  k i l l  p a t t e r n s  were a l s o  n o t e d .  C a r r i g a n  ( L i n h a r t  e t  
a l .  in  p r e p . )  c o n d u c te d  a s c e n t - p o s t  s u r v e y  as p a r t  o f  t h e  Komondorok 
t e s t .
A c r ude  minimum i ndex  o f  r e l a t i v e  numbers o f  c oy o t es  u s i n g  t he
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Ranch ( i . e . ,  k i l l i n g  a n d / o r  f e e d i n g  on sheep)  per  day was d e r i v e d  f r om 
d a i l y  k i l l  f i g u r e s  and f e e d i n g  p a t t e r n s .  On days w i t h  more t han  one 
k i l l  pe r  h e r d ,  t he  number o f  c a r c a s s e s  w i t h  f e e d i n g  i n  t he  l i g h t ,  
mo d e r a t e ,  and e x t e n s i v e  c a t e g o r i e s  were  used t o  e s t i m a t e  t h e  number 
o f  c o y o t e s  a t t a c k i n g  t h a t  he r d  (one c a r c a s s  t o  one c o y o t e ) .  L i g h t  
f e e d i n g  was c o n s i d e r e d  a p p r o x i m a t e l y  t he  amount  t h a t  one c o y o t e  c o u l d  
e a t  a t  one f e e d i n g .  Coyotes  t h a t  d i d  no t  k i l l  o r  f eed  on sheep wou l d  
no t  be coun t ed  i n  t h i s  scheme.  Thus ,  t he  e s t i m a t e d  number  o f  c o y o t e s  
a t t a c k i n g  a herd  on a g i v e n  day wou l d  f r e q u e n t l y  be l owe r  t han  t he  
number o f  sheep k i l l e d  a n d / o r  wounded i n t h a t  h e r d .
CHAPTER I I I 
RESULTS
S i nce  t he  s a l e  o f  t he  Cook Ranch p r e c l u d e d  c o n t i n u i n g  t h i s  s t u d y  
f o r  a f u l l  y ea r  as in t he  two p r e v i o u s  s t u d i e s ,  compa r i s on  c o u l d  o n l y  
be made w i t h  Henne ' s  and Munoz ' s  da t a  f o r  t he  p e r i o d  15 March t h r o u g h  
30 September .  H e r e a f t e r ,  t h i s  p e r i o d  f o r  1974 w i l l  be r e f e r r e d  t o  as 
P a r t  I ;  f o r  1975,  P a r t  I I ;  and f o r  1976,  P a r t  I I I .  Un l ess  o t h e r w i s e  
n o t e d ,  da t a  f o r  P a r t s  I and I I  were d e r i v e d  f r om t he  o r i g i n a l  ( raw)  
da t a  o f  Henne and Munoz,  r e s p e c t i v e l y .
Ranch Management  Changes
T o t a l  numbers o f  docked lambs and a d u l t  ewes a t  l amb i ng  t i me  in 
each s t u d y  wer e :  P a r t  I ,  2 , 0 8 4 ;  P a r t  I I ,  3 , 4 3 8 ;  and P a r t  I I I ,  2 , 7 5 5 .
Management  o f  sheep he r ds  on t he  Ranch d u r i n g  P a r t  I I I  was s i m i l a r  t o
t h a t  i n P a r t s  I and I I  w i t h  a few e x c e p t i o n s .  In P a r t  I ,  Henne s t u d i e d
two h e r d s ;  one c o n t a i n e d  t w i n  lambs and t h e  o t h e r  c o n t a i n e d  s i n g l e  
l ambs.  The her ds  in P a r t s  I I  and I I I  were mi xed t w i n s  and s i n g l e s ,
d i v i d e d  i n t o  two her ds  by age o f  t he  lambs.
Du r i ng  P a r t s  I and I I ,  bo t h  he r ds  were moved f r om p a s t u r e  t o  
p a s t u r e  away f r om t h e  Ranch b u i l d i n g  comp l ex  ( h e a d q u a r t e r s )  s t a r t i n g  
in l a t e  March and e a r l y  A p r i l ,  r e s p e c t i v e l y .  B e g i n n i n g  i n l a t e  J u l y  
and A u g u s t ,  t hese  movements were r e v e r s e d ,  r e t u r n i n g  t he  sheep t o  
h e a d q u a r t e r s  by wean i ng  t i m e  ( e a r l y  S ep t embe r ) .  In P a r t  I I I ,  t he  
her ds  s t ay ed  nea r  h e a d q u a r t e r s  much l a t e r  t han  d u r i n g  P a r t s  I and I I  
and remai ned away f r om h e a d q u a r t e r s  u n t i l  wean i ng  t i m e .  The o l d e r
1 1
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f l o c k  (Herd A) was moved o u t w a r d s  f r om h e a d q u a r t e r s  i n e a r l y  May.
Dur i ng  l a t e  A p r i l ,  t he  younger  f l o c k  (Herd B) was h a u l e d  by t r u c k  t o  
t he  p a s t u r e  f a r t h e s t  f r om h e a d q u a r t e r s .  Herd B was moved p r o g r e s ­
s i v e l y  c l o s e r  u n t i l  t he  two her ds  met and i n t e r m i n g l e d  l a t e  in A u g u s t .
A week l a t e r ,  t he  combined f l o c k  was herded t o  h e a d q u a r t e r s  ; t h e  lambs 
and ewes were s e p a r a t e d  and r e l e a s e d  in nea r by  p a s t u r e s .  The ewes 
were s o l d  and sh i pped  in m i d - Se p t e m b e r ;  lambs were s h i pp e d  on 30 
September ,  t he  day b e f o r e  t h e  s a l e  o f  t he  Cook Ranch became f i n a l .
Documen t a t i o n  o f  Sheep M o r t a l i t y
I o t a  1 M o r t a l i t y
For  a d u l t  ewes,  t o t a l  m o r t a l i t y  i n c l u d e d  a l l  dea t hs  ( n o t  i n v o l v i n g  
p r e d a t o r s ,  p r e d a t o r - c a u s e d , and u n d e t e r m i n e d )  f r om 15 March t o  30 Sep­
tember  and was synonymous w i t h  f i e l d  m o r t a l i t y .  For  l ambs,  i t  o n l y  
i n c l u d e d  dea t hs  o f  docked lambs ( i . e . ,  lambs w h i c h  s u r v i v e d  l ong  
enough t o  be docked and t a g g e d ,  g e n e r a l l y  6 t o  24 hour s  a f t e r  b i r t h )  
n o t  i n v o l v i n g  p r e d a t o r s  ( p r e - e x p o s u r e  and f i e l d ) ,  i n v o l v i n g  p r e d a t o r s ,  
and f r om u nde t e r m i n ed  caus es .  T o t a l  m o r t a l i t i e s  ( T a b l e  1) d i f f e r e d  
s i g n i f i c a n t l y  f r om P a r t s  I t o  I I I  (X^ = 143 - 5 ,  p . 0 0 5 ,  8 d f ) .
Deaths o f  lambs n o t  i n v o l v i n g  p r e d a t i o n  as a p e r c e n t a g e  o f  lambs 
docked were comparab l e  d u r i n g  P a r t s  I and I I ,  bu t  showed a marked 
i n c r e a s e  d u r i n g  P a r t  I I I .  N a t u r a l  dea t hs  o f  ewes i n c r e a s e d  s t e a d i l y  
f r o m  P a r t s  I t o  I I I bo t h  in numbers and p e r c e n t a g e s  o f  t h e  t o t a l  ewe 
h e r d .  Numbers o f  p r e d a t o r - k i l l e d  lambs i n c r ea s e d  f r om P a r t  I t o  I I  
bu t  dec r eased  d u r i n g  I I I  ( t h e  p e r c en t a g e  drop  f r om P a r t  I t o  P a r t  I I  
r e f l e c t s  an i n c r e a s e d  herd  s i z e ) .  Numbers o f  sheep f o r  w h i c h  cause
Ta b l e  1. T o t a l  m o r t a l i t i e s ,  in p e r c e n t a g e s ,  d u r i n g  P a r t s  I ,  I I ,  and I I I
O r i g i n a l  no.  
o f  a n i ma l s
N a t u r a l
d e a t h s ^
P r e d a t o r  
k i  11s Undetermi  ned
Unaccounted
f o r
To t a  1 
m o r t a 1 i t y
Lambs'- 1 1 ,253 5 . 7 2 6 . 7 0 . 4 0 . 6 33.4
1 1 2 , 006 5 . 5 19.9 0 . 3 1 . 1 2 6 . 8
1 1 1 1 ,656 10.9 13.3 0 . 4 1.8 26 . 5 ^
Ewes 1 831 2 . 5 4 . 3 0 0 6 . 9 ^
1 1 1 ,432 3 . 6 3 . 7 0 0 7. 3
1 1 1 1,099 5 . 3 1.5 0.1 0 6 . 8 ^
Lambs
+
1 2 , 084 4 . 5 17.8 0 . 2 0 . 3 22 . 8
Ewes 1 1 3 ,438 4 . 7 13.1 0 . 2 0 . 6 18.7^
1 1 1 2 ,755 8 . 7 8 . 6 0 . 3 1 . 1 18.7
^ O r i g i n a l  da t a  i n  A ppend i x  I .
^ P r e - e x p o s u r e  and f i e l d  dea t hs  no t  i n v o l v i n g  p r e d a t o r s .  
^ Docked lambs o n l y .
^ A d j u s t e d  f o r  r o u n d i n g  e r r o r .
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o f  d e a t h  c o u l d  no t  be d e t e r m i n e d  remained f a i r l y  c o n s t a n t  t h r o u g h o u t  
a l l  t h r e e  p a r t s .  Numbers (and p e r c e n t a g e s )  o f  lambs unaccoun t ed  f o r  
a t  t he  end o f  each P a r t  i n c r e a s e d  s t e a d i l y  f r om I t o  I I I .
M o r t a l i t y  Not  I n v o l v i n g  P r e d a t o r s
A b o r t i o n s / s t i l l b i r t h s  and weak c a l f  syndrome were t he  most  common 
causes o f  lamb dea t hs  b e f o r e  e x p o s u r e  t o  p r e d a t i o n  ( T a b l e  2 ) .  A f t e r  
lambs were  moved f r om h e a d q u a r t e r s  t o  p a s t u r e s  where t h e y  were exposed 
t o  c o y o t e s ,  most  o f  t he  n o n - p r e d a t i o n  dea t hs  were caused by pneumonia 
and weak c a l f  syndrome ( Tab l e  3 ) .  To e l i m i n a t e  a p p a r e n t  d i f f e r e n c e s  
caused by p r e d a t i o n  c o n t r o l s  d u r i n g  P a r t  I I I  and d i f f e r e n c e s  in r e l e a s e  
t i mes  between a l l  P a r t s ,  p r e - e x p o s u r e  and n a t u r a l  f i e l d  dea t hs  o f  lambs 
a r e  summar i zed in Ta b l e  4.  M o r t a l i t i e s  f o r  a d u l t  ewes no t  i n v o l v i n g  
p r e d a t i o n ,  due p r i m a r i l y  t o  m a s t i t i s ,  o l d - a g e  c o m p l i c a t i o n s ,  and 
pneumonia ,  i n c r e a s e d  f r om P a r t  I t o  I I I  ( T a b l e  5 ) .
P r e d a t o r - c a u s e d  M o r t a l i  t y
As in P a r t s  I and I I ,  t h e  c o y o t e  was t he  most  s i g n i f i c a n t  p r e d a t o r  
d u r i n g  P a r t  I I I  ( Tab l e  6 ) .  Coyotes  k i l l e d  o n l y  227 sheep d u r i n g  
Pa r t  I I I  and t h i s  was o n l y  6 3 . 9  and 4 7 . 6  p e r c e n t  o f  t he  c o y o t e  k i l l s  
d u r i n g  P a r t s  I and I I ,  r e s p e c t i v e l y .  Eag le  k i l l s  were n o t ed  o n l y  i n
P a r t  I .  Raven k i l l s  were n o t  c o n s i d e r e d  t o  be s i g n i f i c a n t  s i n c e
ravens  o n l y  k i l l e d  sheep weakened f r om o t h e r  causes .  Foxes were 
i n s i g n i f i c a n t  p r e d a t o r s  s i n c e  lambs q u i c k l y  grew o u t  o f  t he  s i z e  c l a s s  
( j e s s  t han  20 1b. (9.1 k g j j  i n w h i ch  we no t ed  f o x  p r e d a t i o n .  Domes t i c  
dogs k i l l e d  two sheep d u r i n g  P a r t  I bu t  none in P a r t  I I .  A p a i r  o f
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Ta b l e  2.  Causes o f  lamb dea t hs  p r i o r  t o  ex p o s u r e  d u r i n g  P a r t s  I ,  I I ,  
and I I I ,  i n p e r ce n t ag e s  o f  t o t a l  lamb c r o p . ^
Cause |b 11^ 1 1 1
A b o r t  i o n / S t  i l l b i r t h 2 . 8 1.4 3 . 6
Mi s e e l l a n e o u s ^ 4 . 0 0 . 7 8 . 3
Weak c a l f  syndrome 2 . 0 0 . 3 1.8
I o t a  1s 8 . 8 2 . 4 13.7
T o t a l  lamb c r o p 1 ,327 2 , 044 1,911
^ I n c l u d e s  dea t hs  p r i o r  t o  d o c k i n g .  O r i g i n a l  da t a  i n App e n d i x  
^ From Henne (1975)
^ From Munoz (1976)
^ I n c l u d e s  b i r t h  d e f e c t s ,  a c c i d e n t s ,  t o o  weak t o  f e e d ,  s c o u r s ,  
e x p o s u r e ,  b a c t e r i a l  i n f e c t i o n s ,  and'  u n s p e c i f i e d  d e a t h s .
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Ta b l e  3- F i e l d  dea t hs  o f  lambs f r om causes o t h e r  t han  p r e d a t i o n  d u r i n g
P a r t s I ,  and i l l ,  i n p e r ce n t ag e s  o f  exposed lamb c r o p . '
Cause I I
Acc i den t 0.  1 0 . 2 0 . 3
B a c t e r i a l  I n f e c t i o n 0 0 . 9 0
B1 o a t 0 0.1 0
En t e r o t ox e m i  a 0 . 3 0 . 2 0
I n t e s t i n a l  b l oc k a g e 0.1 0.1 0
Maggot  i n f e s t a t i o n 0.1 0.1 0.1
M a t e r na l  n e g l e c t  and s t a r v a t i o n 0 0 . 7 0.1
P a r a l y s i s 0 0.  1 0
Pneumon i a 0 . 8 1 .2 0 . 5
Pneumonia and l i v e r  i n f e c t i o n 0 . 2 0 0
Pr o l ap s e d  rec tum 0 0 0 . 2
Unspec i f  l ed 0 . 4 0 . 5 0 . 5
U r i n a r y  c a l c u l l i 0.1 0 0
Weak c a l f  syndrome 0 . 2 1 .2 0 . 2
T o t a l s 2 . 4b 5 . 0b 1 . 9 b
T o t a l  exposed lamb c r op 1 ,210 1 ,995 1 ,503
^ O r i g i n a l  da t a  in App e n d i x  I I I  
^ A d j u s t e d  f o r  r o u n d i n g  e r r o r s .
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T ab l e  4.  M o r t a l i t y  o f  a l l  docked lambs f r om causes o t h e r  t han
p r e d a t i o n  d u r i n g  P a r t s  I ,  I I ,  and I I I ,  i n  p e r c e n t a g e s  o f  
lambs d o c k e d . 3
,1 11 111
No. docked 1U253 2 , 006 1 ,656
P r e - e x p o s u r e  dea t hs 3 .4 0 . 5 9 . 2
F i e l d  dea t hs 2 . 3 5 . 0 1.7
I o t a  15 5 . 7 5 . 5 10.9
^ O r i g i n a l  da t a  i n A ppend i x  IV.
Tab l e  5.  M o r t a l i t y  f o r  a d u l t ewes f r om causes o t h e r t han p r e d a t i o n
du r  i ng P a r t s  1 , I I , and I I I ,  i n p e r ce n t a g e s o f  ewe h e r d . ^
Cause 1 1 1 1 I 1
Acc i den t 0.  1 0.  ] 0 . 2
B1 i ndness 0.  1 0 0
B l o a t 0 . 5 0.1 0 . 3
En t e r o t ox e mi  a 0 . 2 0.1 0
I n t e s t i n a l  b 1ockage 0.  1 0.  1 0
Lamb i ng comp l i  c a t  i ons 0.  1 0.1 0 . 3
Maggot  i n f e s t a t i o n 0 0 . 3 0.1
Mast  i t  i s 0.1 0 . 4 1.2
Old age c o m p l i c a t i o n s 0 . 7 1.3 2 . 4
Pneumon i a 0 . 2 1.0 0 . 4
Pneumonia and l i v e r  i n f e c t i o n 0 0 0.  1
Unspec i f i e d 0 . 2 0.1 0 . 5
To t a  1 2 . 5b 3 .6b 5 . 3b
O r i g i n a l  ewe herd 831 1 ,432 1 ,099
^ O r i g i n a l  da t a  i n App e n d i x  V. 
A d j u s t e d  f o r  r o u n d i n g  e r r o r s .
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T ab l e  6.  Numbers o f  sheep k i l l e d  by p r e d a t o r s  d u r i n g  P a r t s  1,  11, 
and I I I .
P a r t  1. Exposed h e r d : 2 , 0 4 l  sheep ( 1 , 210  lambs and 831 ewes)
% A l l  % Exposed
Lambs Ewes Tot a  1 P r e d a t  i on Herd
Coyotes 330 33 363 9 7 . 8 17.8
Dogs 0 2 2 0 . 5 0.  1
Foxes 3 0 3 0 . 8 0.  1
E a g l es 2 0 2 0 . 5 < 0 .  1
Ravens 0 1 1 0 . 3 < 0 . 1
T o t a 1s 335 36 371 100® 18.2
P a r t  I I .  Exposed h e r d : 3 , 427  sheep ( 1 ,995 1ambs and 1 ,432  ewes)
% A l l  % Exposed
Lambs Ewes To t a  1 P r e d a t  i on Herd
Coyotes 394 50 444 9 8 . 2 13.0
Foxes 1 0 1 0 . 2 < 0.1
Ravens 0 3 3 0 . 7 < 0.1
Undet .  p r ed . 4 0 4 0 . 9 0.1
T o t a 1s 399 53 452 100 13.2
P a r t  I I I .  Exposed h e r d : 2 , 602  sheep ( 1 ,503 lambs and 1 ,099 ewes)
% A l l  % Exposed
Lambs Ewes To t a  1 P r e d a t  i on Herd
Coyotes 214 13 227 9 5 . 8 8 . 7
Dogs 1 2 3 1.3 0.1
Foxes 3 0 3 1.3 0.1
Undet .  c a n i d 1 1 2 0 . 8 < 0.  1
Ravens 1 0 1 0 . 4 < 0 . 1
Unde t .  p r ed . 1 0 1 0 . 4 < 0 .  1
T o t a l s 221 16 237 100 9.1
^ A d j u s t e d  f o r  r o u n d i ng  e r r o r .
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dogs f r om a n e i g h b o r i n g  ranch r e p e a t e d l y  h a r r a s s e d  sheep d u r i n g  P a r t
I I I .  A t  l e a s t  s i x  ewes r e c e i v e d  m i n o r  wounds f r om t hes e  dogs ;  a lamb 
and ewe were wounded s e v e r e l y  and had t o  be d e s t r o y e d .  Three  o t h e r  
dogs (1 s i n g l e ,  1 p a i r )  were s i g h t e d  b u t  were n o t  known t o  have 
har assed  sheep.  An a d d i t i o n a l  p a i r  v i s i t e d  t he  Ranch;  one k i l l e d  a 
c o l l a r e d  t a r g e t  lamb and s u b s e q u e n t l y  d i e d  o f  D i ph a c i n o n e  p o i s o n i n g .
H e a l t h  o f  sheep k i l l e d  by c o y o t e s .  The r e s u l t s  o f  n e c r o p s i e s  
pe r f o r med  on i n t a c t  c a r c a s s e s  o f  sheep k i l l e d  o r  wounded by c oy o t e s  
in P a r t s  I ,  I I ,  and I I I  a r e  shown in T a b l e  7- An i ma l s  w i t h  a b n o r ­
m a l i t i e s  p r e s e n t  (such as a m i n o r  case o f  pneumonia o r  e n t e r i t i s )  
c o u l d  no t  be d i s t i n g u i s h e d  v i s u a l l y  o r  b e h a v i o r a l  1 y f r om h e a l t h y  
a n i m a l s .  An i ma l s  w i t h  seve r e  d i s o r d e r s  ( such as seve r e  i n f e c t i o n s  o r  
p h y s i c a l  a n o m a l i e s )  were v i s i b l y  h a n d i ca p p e d .  Henne ( 1975- 26 )  
randoml y  s e l e c t e d  15 lambs f o r  compa r i son  t o  p r e d a t o r  k i l l s :  73 -3
p e r c e n t  were  h e a l t h y ,  20 p e r c e n t  had a b n o r m a l i t i e s  p r e s e n t ,  and 6 . 7  
p e r c e n t  e x h i b i t e d  se v e r e  d i s o r d e r s .  Data f o r  P a r t  I showed s i m i l a r  
p a t t e r n s  o f  h e a l t h  f o r  lambs s e l e c t e d  by p r e d a t o r s .  S i nce  t h i s  
samp l i ng  was n o t  r e p e a t e d  d u r i n g  P a r t s  I I  and I I I ,  c ompa r i sons  c o u l d  
no t  be made between h e a l t h  o f  a n i ma l s  k i l l e d  by c oy o t e s  and h e a l t h  
o f  t he  t o t a l  h e r d .
S e l e c t i o n  f o r  hand i capped  ( s i c k  o r  c r i p p l e d )  sheep d u r i n g  P a r t s  
I and I I c o u l d  no t  be e v a l u a t e d  w i t h o u t  t h e  pe r s o n a l  f i e l d  n o t e s  o f  
t he  r e s p e c t i v e  i n v e s t i g a t o r s .  D u r i n g  P a r t  I I I ,  hand i capped  sheep 
were k i l l e d  when t h e y  were r e a d i l y  v i s i b l e .  Of  t w e l v e  sheep w h i c h  
were v i s i b l y  h a n d i c a p p e d ,  n i n e  were c a p a b l e  o f  keep i n g  up w i t h  t he  
herd  o r  were i mmob i l e  on bedd i ng  g rounds  w i t h o u t  c o v e r  and were
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Tab l e  7. H e a l t h  a t  t i me  o f  dea t h  o f  sheep k i l l e d  by c oy o t e s  d u r i n g  
P a r t s  I ,  I I ,  and 111, i n p e r c e n t a g e s  o f  sheep e x a m i n e d . ^
Pa r t Lambs Ewes T o t a 1s
Numbers 1 140 26 166
exam!ned 1 1 207 30 237
1 1 1 58 10 68
Hea1 t h y 1 75 . 0 69 . 2 74.1
1 1 71 .5 53 . 3 6 9 . 2
1 1 1 55 . 2 30 . 0 51 .5
Abnorma T i t l e s 1 19.3 23.1 19.9
p r e s e n t 1 1 19.3 40 . 0 21 .9
1 1 1 31 . 0 60 . 0 35 . 3
Severe d i s o r d e r s 1 5 . 7 7 . 7 6 . 0
p r e s e n t 1 1 9 . 2 6 . 7 8 . 9
1 1 1 13.8 10.0 13-2
H e a l t h I 190 7 197
unde t e r mi  ned 1 1 187 20 207
1 1 1 158 3 159
^ O r i g i n a l  da t a  in 
^ Numbers o f  sheep
Append i x  V I .  
f o r  wh i ch h e a 1th c o u l d  n o t be d e t e r m i n e d .
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k i l l e d  by c o y o t e s ,  u s u a l l y  b e f o r e  h e a l t h y  sheep were t a k e n .  The 
r e m a i n i n g  t h r e e  hand i capped  sheep were i mmob i l e  i n heavy c o v e r  f o r  
s e v e r a l  days and were no t  k i l l e d  by c o y o t e s .
Feedi  ng on k i l l s .  Coyote f e e d i n g  p a t t e r n s  ( Ta b l e  8) were  
c l a s s i f i e d  as f o l l o w s :
1) wounded -  an i ma l  s t i l l  a l i v e  a t  t i me  o f  d i s c o v e r y ;
2) no c onsumpt i on  -  c a r c a s s  f ound i n t a c t ;
3) v e r y  l i g h t  f e e d i n g  -  l i t t l e  f e e d i n g ,  u s u a l l y  i n v o l v i n g  t he  
f a t t y  g r e a t e r  omentum (1 t o  5% o f  a c a r c a s s ) ;
4) l i g h t  f e e d i n g  - a sma l l  a r ea  consumed,  such as t h e  nec k ,  a
l e g ,  t he  s t e r n u m,  p o r t i o n s  o f  t h e  v i s c e r a ,  o r  t he  o u t e r  edge o f  t he  
r i b  cage (5 t o  25% o f  a c a r c a s s ) ;
5) moder a t e  f e e d i n g  -  a l l  o f  t h e  v i s c e r a ,  o r  t he  f o r e -  o r  h i n d ­
q u a r t e r s  consumed (25 t o  75% o f  a c a r c a s s ) ; and
6) e x t e n s i v e  f e e d i n g  -  most  o f  t he  f l e s h  consumed,  l i t t l e  
r e m a i n i n g  o t h e r  t han f l e e c e  and bones.
The f e e d i n g  p a t t e r n s  on lambs changed f r om P a r t  I t o  i l l  (X^ = 
3 4 . 6 ,  p . 005 ,  10 d f ) . P a t t e r n s  d u r i n g  P a r t  I I I  c l o s e l y  f o l l o w e d  
t hose  o f  P a r t  I I ;  f e e d i n g  was g e n e r a l l y  l i g h t e r  d u r i n g  I I  and I I I  
t han d u r i n g  I .
C h a r a c t e r i s t i c s  o f  c oy o t e  k i l l s .  The l o c a t i o n s  o f  b i t e s  used by 
co y o t es  t o  k i l l  sheep ( Tab l e  9) were s i m i l a r  d u r i n g  a l l  s t u d i e s .
Coyotes d u r i n g  P a r t  I I I  i n f l i c t e d  a s l i g h t l y  h i g h e r  p e r c e n t a g e  o f
b i t e s  t o  t he  t o r s o  o r  l egs  t han  d u r i n g  I o r  I I .  Sheep wh i ch  we 
knew were a t t a c k e d  by d o m e s t i c  dogs (because o f  s i g h t i n g s  and t r a c k s )  
d u r i n g  P a r t  I I I ,  e x c e p t  f o r  t he  t a r g e t  lamb a t t a c k e d  by t h e  German
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T ab l e  8.  Degree o f  f e e d i n g  on c a r c a s s e s  by c o y o t e s  d u r i n g  P a r t s  I ,  
I I ,  and I I I ,  i n p e r c e n t a g es  o f  sheep e x a mi ne d . ^
P a r t Lambs Ewes T o t a 1s
Numbers exami ned 1 317 33 350
1 1 363 38 401
1 1 1 206 12 218
Wounded 1 7 . 3 12.1 7 . 7
1 I 12.1 10.5 12.0
1 1 1 13.6 8 . 3 13.3
No comsumpt i on 1 9 . 8 6.1 9 . 4
1 1 17.1 7 . 9 16.2
1 1 I 9 . 7 0 9 . 2
Very  l i g h t  1 11.0 9.1 10.9
1 I 8 . 5 5 . 3 8 . 2
1 1 1 5 . 3 16.7 6 . 0
L i g h t  1 2 4 . 0 33 . 3 2 4 . 9
1 1 26 . 2 34 . 2 26 . 9
1 1 1 35 . 9 16.7 34 . 9
Modera t e  1 33 . 4 33 . 3 33 . 4
1 1 2 6 . 4 36 . 8 2 7 . 4
1 1 1 26 . 2 50 . 0 2 7 . 5
E x t e n s i v e  1 14.5 6.1 13.7
1 1 9 . 6 5 . 3 9 . 2
1 1 1 9 . 2 8 . 3 9 . 2
^ O r i g i n a i  d a t a  i n  Appe n d i x  V I I .
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Tab l e  9.  L o c a t i o n  o f  c o y o t e - i n f l i c t e d  wounds d u r i n g  P a r t s  I ,  I I ,  
and I I I ,  i n p e r c e n t a g e s  o f  numbers e x a m i n e d . ^
Numbers N e c k - t h r o a t O t he r  a n t e r i o r T o r s o
P a r t examined on 1 y t o  s h o u l d e r s ^ o r  l egs
Lambs 1 321 6 6 . 4 29 . 6 4 . 0
1 1 391 70.1 26.  1 3 . 8
1 1 1 205 6 9 . 3 24 . 4 6 . 3
Ewes 1 33 87 . 9 6.1 6.1
1 1 45 77 . 8 11.1 11.1
1 1 1 13 9 2 . 3 7 . 7 0
% o f  t o t a l  1 354 6 8 . 4 27 . 4 4 . 2
se 1e c t e d  1 1 436 70 . 9 24 . 5 4 . 6
1 1 1 228 70 . 6 23 . 4 6 . 0
^ O r i g i n a l  da t a  in Append i x  V I I I
^ I n v o l v i n g  b i t e s t o  t he  f ace  o r head,  o r decap i  t a t  i o n .
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s h o r t h a i r e d  p o i n t e r ,  r e c e i v e d  wounds in t he  n e c k - t h r o a t  a r ea  and few 
wounds t o  t he  t o r s o  o r  l e g s ,  c h a r a c t e r i s t i c s  n e a t e r  t han  i s  c o n s i d ­
e r ed  t y p i c a l  o f  dog a t t a c k s  bu t  l e ss  nea t  t han  i s  c o n s i d e r e d  
t y p i c a l  o f  c o y o t e  a t t a c k s .  Two lambs r e c e i v e d  wounds s i m i l a r  t o  
t hose  i n f l i c t e d  by t he  two o f f - R a n c h  dogs and t he  guard  dogs b u t  
no dogs were seen o r  t r a c k e d  in t he  p a s t u r e s  where t ho s e  k i l l s  
o c c u r r e d .
P r e d a t i o n  on a d u l t  ewes d u r i n g  summer months ( F i g .  3) began 
e a r l i e s t  ( m i d - June )  d u r i n g  P a r t  I I ,  l a t e r  d u r i n g  P a r t  I ( m i d - J u l y ) ,  
and l a t e s t  d u r i n g  P a r t  I I I  ( m i d - A u g u s t ) .  Coyotes  k i l l e d  23 and 21 
ewes f r om 14 June t o  20 September  d u r i n g  P a r t s  I and I I ,  r e s p e c t i v e l y .  
On l y  two ewes were k i l l e d  by c o y o t es  i n  t he  same p e r i o d  d u r i n g  P a r t  
I I I .
L a m b - k i l l i n g  c o y o t e s  (Tab l e  10) showed a d e c r e a s i n g  t enden c y  t o  
chase lambs t o  low a r eas  ( g u l l i e s ,  washes ,  d r aws ,  o r  c r e e k s )  f r om 
P a r t s  I t o  I I I .  E w e - k i l l i n g  c o y o t e s  chased ewes t o  low a r eas  more 
f r e q u e n t l y  d u r i n g  P a r t  I I  t han d u r i n g  P a r t  I and l e s s  f r e q u e n t l y  
d u r i n g  P a r t  I I I  t han  d u r i n g  P a r t s  I o r  I I .
Coyote  Use P a t t e r n s  and P r e d a t i o n  C o n t r o l s  
Coyote Use P a t t e r n s
My a s s i s t a n t  and I i d e n t i f i e d  t he  m a j o r  c o y o t e  t r a v e l  r o u t e s  on 
t he  Cook Ranch f r om c o y o t e  s i g n s  ( t r a c k s  and d i g s )  and l o c a t i o n s  o f  
sheep c a r c a s s e s .  A few c o y o t e s  a t t a c k e d  sheep in p a s t u r e s  n o r t h  o f  
E i g h t  M i l e  Road ( F i g .  1) b u t  d i d  n o t  appea r  t o  use w e l l - d e f i n e d  
r o u t e s .  Most  c o y o t es  e n t e r e d  t he  Ranch f r om t he  n o r t h  and e a s t  v i a
F i g .  3 . Numbers o f  ewes k i l l e d  pe r  day ( aver aged  w e e k l y ) ,  14 June 
t o  20 September ,  d u r i n g  P a r t s  I ,  I I ,  and I I I .
EWES KILLED
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T ab l e  10. K i l l  s i t e s  i n p a s t u r e s  w i t h  low a r e a s ,  i n p e r c e n t a g e s  o f  
numbers exami  n e d . ^
Numbers 
exami  ned
K i l l e d  
i n  l ow a r ea
Not  k i 1 l ed  
i n  low a rea
Lambs 1 194 4 0 . 7 59 . 3
1 1 295 27 . 8 72.2
1 1 1 129 20 . 2 79 . 8
Ewes 1 24 33 . 3 6 6 . 7
1 1 41 61 .0 39-0
1 I I 12 2 5 . 0 75 . 0
O r i g i n a l  da t a  in App e n d i x  IX,
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the  Dry Gulch d r a i n a g e  sys tem.  The E i g h t  M i l e  Creek d r a i n a g e  sys tem 
appeared t o  be l e s s  t r a v e l l e d  t han t he  r o u t e s  f r om t he  n o r t h  and 
e a s t .  The n o r t h  draw in Squaw Gulch p a s t u r e  and Three M i l e  Creek 
se r ved  as m i no r  t r a v e l  r o u t e s  f r om t he  wes t  and e a s t ,  r e s p e c t i v e l y .  
Routes o t h e r  t han Dry Gulch u s u a l l y  bo r e  t r a c k s  o f  one o r  f ewer  
co y o t e s  per  day ;  Dry Gulch u s u a l l y  bo r e  t r a c k s  o f  two t o  f o u r  c o y o t e s  
per  day.  Our r o u t e  i d e n t i f i c a t i o n s  were v e r i f i e d  by USFWS t r a p p e r s  
and b i o l o g i s t s .
The numbers o f  c o y o t e  k i l l s  per  day d u r i n g  P a r t s  I , I I ,  and I I I  
a r e  shown in F i g .  4.  M a j o r  su r ges  i n k i l l s  pe r  day were n o t ed  in 
a l l  s t u d i e s  d u r i n g  e a r l y  t o  mi d -May ,  e a r l y  June ,  and e a r l y  September .  
A d d i t i o n a l  s u r ges  were no t ed  d u r i n g  P a r t  I I  i n  m i d - J une  and m i d -  
September .  A g e n e r a l  s l ump o c c u r r e d  d u r i n g  J u l y  and Augus t  o f  a l l  
P a r t s .
E s t i m a t e d  minimum numbers o f  c o y o t e s  u s i n g  t he  Ranch ( i . e . ,  
k i l l i n g  a n d / o r  e a t i n g  sheep)  pe r  day a r e  shown in Ta b l e  11. Coyote
use changed s i g n i f i c a n t l y  f r om P a r t  I t o  P a r t  I I I  (X^ = 5 5 . 7 ,
p < ( . 005 ,  8 d f ) .  More days passed w i t h o u t  k i l l s  d u r i n g  P a r t  I I I  
t han d u r i n g  e i t h e r  I o r  I I .  On days w i t h  k i l l s ,  more c o y o t es  used 
t he  Ranch d u r i n g  P a r t  I I  t han I ;  use (as p e r c e n t a g e s  o f  days w i t h
k i l l s )  dec r eased  f r om P a r t  I I  t o  I I I .  The maximum number o f  c o y o t e s
k i l l i n g  sheep d u r i n g  most  days appeared  t o  be f o u r ;  t h i s  number  was
exceeded o n l y  once i n  P a r t  I , t w i c e  in I I ,  and no t  a t  a l l  i n I I I .
Coyote S i g h t i n g s  and Times o f  K i l l s
Du r i n g  P a r t  I I I ,  c o y o t es  were s i g h t e d  12 t i m e s .  Four  o f  t hese
F i g .  4.  Numbers o f  c o y o t e  k i l l s  per  day ( ave raged  w e e k l y )  d u r i n g  
P a r t s  I , I I ,  and I I I .
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T ab l e  11. E s t i ma t ed  minimum c o y o t e  use d u r i n g  P a r t s  I ,  I I ,  and I I I ,  
in p e r c e n t a g e s  o f  t o t a l  d a y s . ^
Es t .  no.  o f  
c o y o t e s  per  day 1




0 20 . 5 21 .0 4 4 . 0
1 46 . 5 35 . 0 37 . 0
2 22 . 5 23 . 0 13.0
3 7. 5 14.5 3 . 0
>  3 3 . 0 6 . 5 3. 0
T o t a l  days 200 200 200
T o t a l  c o y o t e - u s e  days^ 253 303 168
® O r i g i n a l  da t a  in A p p e n d i x  X.
^ X ( E s t .  no.  o f  c o y o t e s  pe r  day X no. o f  d a y s ) .
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s i g h t i n g s  i n v o l v e d  c o y o t es  f e e d i n g  on c a r c a s s e s ;  c o y o t es  were  no t  
seen in t he  a c t  o f  k i l l i n g  sheep.  The l a t e s t  s i g h t i n g s  o c c u r r e d  a t
1100 h o u r s ;  a l l  bu t  t h r e e  o c c u r r e d  between 0700 and 0900.
K i l l s  u s u a l l y  o c c u r r e d  d u r i n g  t he  e a r l y  mor n i ng  hour s  b e f o r e  
s e a r c h e s .  G r i f f i t h  ( p e r s .  comm.) r e p o r t e d  a s e r i e s  o f  k i l l s  and 
s i g h t i n g s  i n  Herd B around 0730 d u r i n g  mid-May.
K i l l  t i me s  and c o y o t e  s i g h t i n g s  c o u l d  n o t  be compared t o  t hos e
o f  P a r t s  I and I I w i t h o u t  t he  o r i g i n a l  f i e l d  no t es  o f  t h e  r e s p e c t i v e  
i n v e s t i g a t o r s .
Coyotes  Taken Dur i ng  P r e d a t i o n  C o n t r o l  T e s t s
Data on c o y o t e s  r e c o v e r ed  d u r i n g  c o n t r o l  a c t i v i t i e s  i n P a r t  I I I  
a r e  shown i n Ta b l e  12. Two c a n i d s  k i l l e d  d u r i n g  P a r t  I I I  a r e  no t  
shown:  a c o y o t e ,  sho t  f r om a h e l i c o p t e r  on 29 May i n an a rea  where
t he  h e l i c o p t e r  c o u l d  n o t  l a n d ;  and a 60 l b .  ( 27 . 3  kg)  German s h o r t -  
h a i r e d  p o i n t e r  wh i ch  k i l l e d  a c o l l a r e d  t a r g e t  lamb on t he  n i g h t  o f  
9 -10 A p r i l  and d i e d  o f  D i p h a c i n o n e  p o i s o n i n g  on 17 A p r i l .
Carcasses  o f  12 c o y o t e s  k i l l e d  d u r i n g  P a r t  I I I  were r e c o v e r e d :  
one each by l e g h o l d  t r a p s ,  s n a r e s ,  and D i p h a c i n o n e ;  e i g h t  by a e r i a l  
h u n t i n g ;  and one a p p a r e n t l y  by t he  guard  dogs.  One M-44 was p u l l e d  
bu t  no c o y o t e  was r e c o v e r e d .  T h i r t e e n  t o x i c  c o l l a r s  were p u n c t u r e d  
by c o y o t e s ;  assumi ng 20 p e r c e n t  o f  t hose  c o y o t e s  r e c e i v e d  s u b - l e t h a l  
doses ( c a l c u l a t e d  f r om da t a  i n C o n n o l l y  e t  a l .  1976a ) ,  and e x c l u d i n g  
pups w h i c h  may have been f ed  Dephac i none- smeared  meat  by a d u l t s ,  as 
many as 10 c o y o t e s  may have d i e d  f r om D i ph a c i n o n e  p o i s o n i n g  in 
a d d i t i o n  t o  t he  one r e c o v e r e d .
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Tab 1 e 12. Coyotes r ec o v e r e d d u r i n g  P a r t I I I .
Date Ani ma l  ff Method
We i gh t  
1 b . / k g Sex
Age 
( y r s . )
Stomach
C o n t en t s
4 / 3 1 Sna re 1 6 . 0 / 7 . 3 F 1 M i ce .+ 
c a l f  h a i r ^
4 / 24 2 D i ph a c i no n e  2 8 . 5 / 1 3 . 0 M 1 Wool
5 / 28 3 A e r i a l
hun t
2 7 . 0 / 1 2 . 3 M 1.3 Woo 1
5 / 28 4 A e r i a  1 
hun t
2 8 . 0 / 1 2 . 7 F 1.3 Wool
5 /29 5 A e r i a l
hun t
2 3 . 0 / 1 0 . 5 M 1.3 Cow ha i r ^
5 /29 6 A e r i a l
hun t
3 2 . 0 / 2 5 . 0 M 1.3 Wool
5 /29 7 A e r i a l
hun t
1 6 . 0 / 7 . 3 F 1.3 M i ce
6/1 8 A e r i a l
hun t
2 5 . 0 / 1 1 . 4 M 1.3 M i ce
6/1 9 A e r i a l
hun t
3 0 . 5/ 13.9 M 2 . 3 Lamb
6/11 10 A e r i a l
hun t
2 8 . 0 / 12.7 M 2 . 3 M i ce
7 /23 11 I  rap ---- F 3. 4 ----
8 / 13 12 Dogs? ---- ---- 3 . 4 ----
  = u n d e t e r m i n e d
^ B e l i e v e d  t o  be c a r r i o n .
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Munoz ( 1976) exami ned 43 c o y o t es  between 9 Oc t obe r  1975 and 
29 J anua r y  1976:  3 were t aken in s n a r e s ,  25 by a e r i a l  and s p o r t
h u n t i n g ,  18 by M-44s ,  and 2 pups were f ound  dead.  Of  t he  10 c oy o t es  
stomachs examined d u r i n g  P a r t  I I I ,  5 (50%) c o n t a i n e d  sheep p a r t s ;  
o f  t he  33 c oy o t es  stomachs exami ned by Munoz,  11 (33%) c o n t a i n e d  
sheep p a r t s .
E f f e c t s  o f  P r e d a t i o n  C o n t r o l s  on D a i l y  K i l l s
Tox i  c c o l l a r  t e s t s . The e f f e c t s  o f  t h e  D i p h a c i no n e  c o l l a r  t e s t s  
o f  P a r t  I I I  on d a i l y  k i l l s  a r e  shown in F i g s .  5 and 6.  The k i l l  l e v e l  
d u r i n g  t he  e a r l y  t e s t  (23 March t h r o u g h  5 May) aver aged  0 . 2  sheep per  
day compared t o  1.6 and 1.7 sheep per  day f o r  t h i s  p e r i o d  d u r i n g  P a r t s  
I and I I ,  r e s p e c t i v e l y .  The k i l l  l e v e l  d u r i n g  t he  m i d d l e  t e s t  (5 May 
t h r o u g h  1 June)  showed no a p p r e c i a b l e  d r op  compared t o  t he  l e v e l s  o f  
P a r t s  I and I I .  The k i l l  l e v e l  d u r i n g  t he  l a s t  t e s t  (9 t h r o u g h  29 
September )  aver aged  0 . 3  sheep pe r  day compared t o  1 .4 and 2 . 5  sheep 
per  day d u r i n g  P a r t s  I and I I ,  r e s p e c t i v e l y .
From pen t e s t s  ( C o n n o l l y  e t  a l .  19 7 6 a : 9 0 " 9 1) , a 4-  t o  16 - d a y  
d e l a y  was e x p e c t e d  between t he  p u n c t u r e  o f  a c o l l a r  and t he  c e s s a t i o n  
o f  k i l l s .  T h i s  d e l a y  appeared  t o  o c c u r  once i n each t e s t .  S i x  days 
a f t e r  t he  r u p t u r e  o f  c o l l a r  8 (23 A p r i l ) ,  c o y o t e  2 was r e c o v e r e d  
(dead o f  D i p h a c i no n e  p o i s o n i n g )  and k i l l i n g  ceased .  Three  days 
a f t e r  t he  r u p t u r e  o f  c o l l a r  11 (8 May) ,  k i l l i n g  ceased f o r  2 days 
in Herd B; c o l l a r s  10 (6 May) and 11 were p r o b a b l y  r u p t u r e d  by t he  
same c o y o t e  and t he  t emp o r a r y  h a l t  i n k i l l i n g  was c o m p a t i b l e  w i t h  
t he  e x p e c t e d  l ag  t i m e .  K i l l i n g  ceased 5 days a f t e r  t he  r u p t u r e  o f
F i g .  5- D a i l y  k i l l s  b e f o r e  and d u r i n g  e a r l y  t o x i c  c o l l a r  t e s t  
(15 March t h r o u g h  7 May) .
F i g .  6.  D a i l y  k i l l s  b e f o r e ,  d u r i n g ,  and a f t e r  l a s t  t o x i c  c o l l a r  
t e s t .
I  C o l l a r  punctured











00 0 ill II  Vi. J l H ill
4 / 1 5 / 1
I  Col lar  punctured
M - 4 4  pu l l ed
4 -
LU
9 / 3 09 / 1
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c o l l a r  13 (9 Sep t embe r ) .
A e r i a l  h u n t i n g .  The e f f e c t s  o f  a e r i a l  h u n t i n g  on d a i l y  k i l l s
a r e  shown i n  F i g .  7* Coyotes k i l l e d  an av e r age  o f  2 . 2  sheep per
day f o r  t h e  18 days a f t e r  t he  f i r s t  h u n t .  Du r i n g  t he  same p e r i o d  
in P a r t s  I and I I ,  r e s p e c t i v e l y ,  k i l l s  aver aged  2 . 9  and 3-5  pe r  day .
Sna r es ,  t r a p s ,  and M-44s.  The p o s s i b l e  e f f e c t s  o f  s n a r e s ,  
l e g h o l d  t r a p s ,  and M-44s on d a i l y  k i l l s  d u r i n g  P a r t  I I I  a r e  shown 
in F i g s .  5,  8,  and 6,  r e s p e c t i v e l y .  Coyote  1 ( s na r ed )  was r e c o v e r ed  
d u r i n g  t he  e a r l y  t o x i c  c o l l a r  t e s t ,  b u t  wool  o r  r e s i d u e s  o f  
D i p h a c i no ne  were no t  f ound  i n i t s  c a r c a s s .  Coyote 11 ( t r a p p e d )  
was r e c o v e r e d  d u r i n g ,  b u t  d i ed  p r i o r  t o ,  t he  Komondorok t e s t ;  t h i s
c o y o t e  d i d  n o t  possess any c a n i n e  o r  i n c i s o r  t e e t h  w i t h  w h i ch  t o
k i l l  sheep.  One M-44,  p u l l e d  on 23 September  (2 weeks a f t e r  c o l l a r  
13 was p u n c t u r e d ) ,  appeared t o  e l i m i n a t e  t he  c o y o t e  t h a t  k i l l e d  
lambs on 20 and 21 September .  However ,  a c o y o t e  c a r c a s s  was no t  
f o u n d ;  t h i s  c o y o t e  may have d i e d  i n  dense c o v e r  c l o s e  t o  t he  M - 44 .
Guard dogs.  The e f f e c t s  o f  t he  Komondorok on d a i l y  k i l l s  in 
Herd A a r e  shown in F i g .  8.  K i l l s  ceased 5 days a f t e r  t h e  dogs were 
p l ac e d  in t h e  p a s t u r e  w i t h  Herd A,  and resumed 11 days a f t e r  t he  dogs 
were removed f r om t h a t  p a s t u r e .  Coyotes  k i l l e d  0 . 5  sheep per  day in 
Herd B and 1.5 sheep per  day i n P a r t s  I and I I  d u r i n g  t h i s  p e r i o d  
(19 J u l y  t h r o u g h  17 A u g u s t ) .
Coyote  12 was r e c o v e r e d  in t h a t  p a s t u r e  a f t e r  t he  t e s t  ended b u t  
appeared t o  have d i e d  abou t  2 weeks e a r l i e r  d u r i n g  t he  dog t e s t .
Wh i l e  t he  e x a c t  cause o f  dea t h  c o u l d  n o t  be d e t e r m i n e d ,  c a n i d  r e n d i n g
F i g .  7 . D a i l y  k i l l s  b e f o r e ,  d u r i n g ,  and a f t e r  a e r i a l  h u n t i n g .
F i g .  8.  D a i l y  k i l l s  i n Herd A b e f o r e ,  d u r i n g ,  and a f t e r  dog t e s t ,
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o f  t he  c a r c a s s  and dog movements w i t h i n  t h e  p a s t u r e  ( L i n h a r t  e t  a l .  
i n p r e p . )  i n d i c a t e d  t he  dogs may have k i l l e d  c o y o t e  12.
E f f e c t s  o f  P r e d a t i o n  C o n t r o l s  on Coyote Movements and D a i l y  Use 
P a t t e r n s
D i s c e r n i b l e  s h i f t s  i n c o y o t e  movements and use p a t t e r n s  in 
a p p a r e n t  response  t o  c o n t r o l  a c t i v i t i e s  were  d e t e c t e d  t h r e e  t i mes  
d u r i n g  P a r t  I I I .  Dasch ( p e r s .  comm.) no t ed  a l a c k  o f  c o y o t e  a c t i v i t y  
in t he  v i c i n i t y  o f  Herd B d u r i n g  i t s  f i r s t  6 days a f t e r  l e a v i n g  
h e a d q u a r t e r s . On t he  s e v e n t h  day (5 May) ,  he no t ed  c o y o t e  t r a c k s  
and a f r e s h  "d i g"  ( access  p o i n t  t o  a p a s t u r e ) :  t he  f o l l o w i n g  day ,  
a t o x i c - c o l l a r e d  lamb ( c o l l a r  1O) was k i l l e d  nea r  t he  d i g ,  and 
a n o t h e r  ( c o l l a r  11) was k i l l e d  t h e r e  on 8 May. On 7,  9 ,  and 10 May,  
sheep were k i l l e d  i n Herd B a p p a r e n t l y  by t he  c o y o t e  r e s p o n s i b l e  f o r  
t he  t r a c k s  and d i g  and t he  two dead c o l l a r e d  l ambs.  When k i l l i n g  
resumed on 13 May,  G r i f f i t h  ( p e r s .  comm.) n o t e d  a 1 - m i l e  ( 1 . 6  km) 
s h i f t  in t he  c o y o t e  access  p o i n t ,  p r es umab l y  due t o  a new c o y o t e .
A s h i f t  i n  d a i l y  use p a t t e r n s  was no t ed  a f t e r  t he  f i r s t  a e r i a l  
h u n t .  For  3 days p r i o r  t o  t h a t  h u n t ,  when c o y o t e s  resumed k i l l i n g  
sheep in Herd A a f t e r  t he  her d  was moved 2 m i l e s  ( 3 . 2  km) ,  11 o f  15 
c o y o t e  k i l l s  (73%) o c c u r r e d  d u r i n g  e a r l y  mo r n i ng  hour s  (0400 t o  0 7 0 0 ) .  
In c o n t r a s t ,  d u r i n g  t he  13 days f o l l o w i n g  t he  f i r s t  h u n t ,  18 o f  23 
k i l l s  ( 78%) o c c u r r e d  d u r i n g  e v e n i n g  hou r s  ( I 8OO t o  23 0 0 ) .
S h i f t  in movements o c c u r r e d  d u r i n g  t he  guard  dog t e s t .  The 
p a s t u r e  where t he  t e s t  was conduc t e d  (Squaw Gulch -  F i g .  1) c o n t a i n e d  
two e a s t - w e s t  d raws .  The sheep bedded down each e v e n i n g  i n t he  n o r t h -
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e a s t  c o r n e r  o f  t he  p a s t u r e ,  and c o y o t e  s i g h t i n g s  and C a r r i g a n ’ s 
s c e n t - p o s t  s u r v e y  ( L i n h a r t  e t  a l .  i n p r e p . )  i n d i c a t e d  t he  c o y o t e  
e n t e r e d  nea r  t he  n o r t h w e s t  c o r n e r  o f  t he  p a s t u r e ,  u s i n g  t he  n o r t h  
draw f o r  t r a v e l .  A f t e r  k i l l i n g  ceased ,  c o y o t e  use s h i f t e d  t o  t he  
s o u t h e a s t  c o r n e r ,  w i t h  t he  s o u t h  draw s e r v i n g  as t he  t r a v e l  r o u t e .
M i n o r  s h i f t s  i n movements and d a i l y  use p a t t e r n s  were no t ed  
whenever  c o y o t es  were k i l l e d .  Temporary  l u l l s  (1 t o  2 days d u r i n g  
March t h r o u g h  June and 1 t o  2 weeks d u r i n g  J u l y  t h r o u g h  September )  
f o l l o w e d  by su r ges  i n numbers o f  k i l l s  pe r  day and changes i n  k i l l  
p a t t e r n s  and sheep c a r c a s s  l o c a t i o n s  s ugges t ed  t h a t  c o y o t e s  e l i m i n a t e d  
by p r e d a t i o n  c o n t r o l s  were r e p l a c e d  by new,  i m m i g r a t i n g  c o y o t e s .
CHAPTER IV 
DISCUSSION
Ranch Management  Changes 
Two changes in sheep management  d u r i n g  P a r t  I I I  i n f l u e n c e d  
c o y o t e  p r e d a t i o n  on lambs compared t o  P a r t s  I and I I :  l )  t he  l a t e
r e l e a s e  o f  lambs i n t o  p a s t u r e s  where c o y o t e s  wou l d  k i l l  them;  and
2) t he  r e l e a s e  o f  Herd B i n t o  t he  p a s t u r e  f a r t h e s t  f r om h e a d q u a r t e r s , 
The f i r s t  change d e l ay e d  t he  o n s e t  o f  p r e d a t i o n  on lambs.  Coyotes  
were a p p a r e n t l y  r e l u c t a n t  t o  k i l l  lambs i n p a s t u r e s  c l o s e  t o  t he  
l ambi ng  sheds d u r i n g  a l l  P a r t s ,  p r o b a b l y  because o f  human a c t i v i t y  
a s s o c i a t e d  w i t h  a shed l ambing o p e r a t i o n  o r  because t he  Ranch dogs 
had e s t a b l i s h e d  t e r r i t o r i e s  in t h a t  a rea  w h i c h  c o y o t e s  r e s p e c t e d .
The t i m i n g  and l o c a t i o n  o f  2) p r o b a b l y  i n c r e a s e d  p r e d a t i o n  on Herd 
B beyond t h e  l e v e l  wh i c h  wou l d  have o c c u r r e d  had t h e  herd  moved 
s l o w l y  o u t w a r d  f r om h e a d q u a r t e r s  as in P a r t s  I and I I .  The lambs 
were sma l l  and v u l n e r a b l e  a t  t h a t  t i m e ,  and t h e  p a s t u r e  was c l o s e  t o  
t he  Sa p p h i r e  Moun t a i ns  ( t h e  a p p a r e n t  s o u r c e  o f  most  c o y o t e s )  and 
a d j a c e n t  t o  Dry Gul ch ( F i g .  1 ) ,  t he  m a j o r  c o y o t e  t r a v e l  r o u t e  o f  t he  
Ranch.  T h e r e f o r e ,  t h a t  p a s t u r e  c o u l d  have more c o y o t e  a c t i v i t y  t han 
any o t h e r  p a s t u r e  on t h e  Ranch and t he  q u i c k e s t  r e p l ac e m e n t  o f  
c oy o t e s  k i l l e d  d u r i n g  c o n t r o l  a c t i v i t i e s .  T h i s  move a l s o  i n c r e a s e d  
t he  d i f f i c u l t y  o f  f i n d i n g  a l l  lamb c a r c a s s e s ,  i n c r e a s i n g  t he  number 
o f  lambs unaccoun t ed  f o r .  Smal l  lambs were e a s i l y  c a r r i e d  away o r  
d i smembered by c o y o t e s  and t h o r o u g h l y  scavenged by t he  l a r g e  numbers
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o f  r avens .  Montgomery ( p e r s .  comm.) o b s e r v e d  a c o y o t e  c a r r y i n g  a 
s e c t i o n  o f  a c a r c a s s .  On a n o t h e r  o c c a s i o n ,  a l l  p a r t s  o f  a smal l  
t o x i c - c o l l a r e d  lamb e x c e p t  t he  backbone d i s a p p e a r e d  f r om t he  p a s t u r e ,  
p r esumab l y  c a r r i e d  away by a c o y o t e ;  t he  c o l l a r  was r e c o v e r e d  in an 
a d j a c e n t  p a s t u r e .
Sheep M o r t a 1 i t y  
M o r t a l i t y  Not  I n v o l v i n g  P r e d a t o r s
One o f  t he  s u b t l e  e f f e c t s  o f  l o n g - t e r m  c o y o t e  d e p r e d a t i o n  was 
t he  d i s r u p t i o n  o f  Cook ' s  s e l e c t i v e  b r e e d i n g  p rogram.  He p r e f e r r e d  t o  
d e v e l op  h i s  own b r e e d i n g  s t o c k  (Henne 1 9 7 5 * 8 ) ,  bu t  l o s s e s  o f  ewes and 
ewe lambs s u i t a b l e  f o r  b r e e d i n g  f o r c e d  him t o  pu r chas e  r e p l a c e me n t  
ewes.  Due t o  ma r k e t  c o n d i t i o n s  a t  t hose  t i m e s ,  c o m m e r c i a l l y  a v a i l ­
a b l e  b r ee d e r s  were  o l d e r ,  l e s s  h e a l t h y  a n i m a l s  t han  t hos e  r a i s e d  on 
t he  Ranch.  The s t e a d y  i n c r e a s e  in n a t u r a l  de a t h s  o f  a d u l t  ewes no t ed  
d u r i n g  t he  s t u d i e s  r e s u l t e d ,  p r o b a b l y  p r e d i s p o s i n g  many lambs t o  
d i se a s e s  t h r o u g h  poor  p r e -  and p o s t n a t a l  n u t r i t i o n .
The t o t a l  lamb l osses  f o r  P a r t s  I I  and I I I  were  v i r t u a l l y  
i d e n t i c a l ,  a p p a r e n t l y  s u p p o r t i n g  Wagner ' s  ( 1972 : 37 )  c o n t e n t i o n  t h a t  
" p r e d a t o r y  and n o n - p r e d a t o r y  l osses  a r e  somewhat  c o m p e n s a t o r y . "  
However ,  t h e  i n c r e a s e d  n a t u r a l  lamb dea t hs  d u r i n g  P a r t  I I I  were 
a p p a r e n t l y  a consequence o f  t he  p r e d i s p o s i n g  i n f l u e n c e s  men t i oned  
above c o u p l ed  w i t h  bad w e a t h e r  and c r o w d i n g  a t  l amb i ng  t i m e .  Pau l y  
( p e r s .  comm.) remarked on s e v e r a l  o c c a s i o n s  t h a t  t he  w e a t h e r  was 
c o l d e r  and t he  l amb i ng  was b e t t e r  s y n c h r o n i z e d  t han  in p r e v i o u s  
y e a r s .  Thus,  c o n d i t i o n s  ( c l i m a t e  and c r o w d i n g )  i n t he  l amb i ng  sheds
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were c o n d u c i v e  t o  d i se a s e s  and a c c i d e n t s ,  and t he  r e s u l t s  o f  t h i s  
s t u d y  do n o t  bea r  o u t  Wagner ' s  c o n t e n t i o n  t h a t  a c e r t a i n  p e r c e n t a g e  
o f  a herd  w i l l  d i e  r e g a r d l e s s  o f  t he  causes .
P r e d a t o r - c a u s e d  M o r t a l i  t y
Coyotes  were t he  c h i e f  p r e d a t o r s  d u r i n g  P a r t  I I I .  Domes t i c  dog 
prob l ems i n c r e a s e d  m a r k e d l y ,  however .  T h i s  i n c r e a s e  c o u l d  have been 
c o i n c i d e n t a l  t o  c o n t r o l  a c t i v i t i e s ,  b u t  t he  dogs may have r e c o g n i z e d  
and r e s pe c t e d  c o y o t e  t e r r i t o r i e s  d u r i n g  t he  p r e v i o u s  s t u d i e s .  C o n t r o l  
a c t i v i t i e s  d u r i n g  P a r t  M l  p r o b a b l y  d i s r u p t e d  e s t a b l i s h e d  t e r r i t o r i e s  
and p r e v e n t e d  t he  e s t a b l i s h m e n t  o f  new ones .  I f  c o y o t e  12 was n o t  
k i l l e d  by t he  guard  dogs ,  t he  dec r eased  d e p r e d a t i o n  and s h i f t s  in 
c o y o t e  movement  p a t t e r n s  no t ed  d u r i n g  t he  dog t e s t  c o u l d  have r e s u l t e d  
f r om t e r r i t o r i a l  r e c o g n i t i o n  between c o y o t e s  and dogs ,  s i n c e  no o t h e r  
e v i d e n c e  e x i s t s  t o  s ugges t  t h a t  t h e  dogs a c t i v e l y  de f ended  sheep f r om 
c oy o t e s  ( L i n h a r t  e t  a l .  i n p r e p . ) .
H e a l t h  o f  sheep k i l l e d  by c o y o t e s .  Lambs k i l l e d  by c o y o t e s  d u r i n g  
P a r t  I I I  appeared  t o  be l ess  h e a l t h y  t han  t hos e  k i l l e d  d u r i n g  P a r t s  I 
and I I .  Samp l i ng  e r r o r  c o u l d  have caused t h i s  d i f f e r e n c e ,  s i n c e  most  
c a r c a s s e s  (73%) had been e v i s c e r a t e d  by c o y o t e s  a n d / o r  s c a v e n g i n g  
b i r d s  p r i o r  t o  n e c r o p s y .  The d i f f e r e n c e  c o u l d  a l s o  r e f l e c t  g e n e r a l l y  
p o o r e r  h e a l t h  o f  t he  lamb c r o p  due t o  w e a t h e r  c o n d i t i o n s  d u r i n g  l amb i ng  
and t he  g r e a t e r  age and p o o r e r  c o n d i t i o n  o f  t he  dams.
Du r i n g  P a r t  I I I ,  9 o f  12 hand i c a pped  sheep were k i l l e d  by c o y o t e s .  
I t  appeared  t h a t  c o y o t e s  a t t a c k e d  sheep as t h e y  were e n c o u n t e r e d ;  t h u s ,  
t he s l o w e r  hand i capped  sheep were more l i k e l y  t o  be e n c o u n t e r e d  and 
k i l l e d  b e f o r e  h e a l t h y  ones.
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C h a r a c t e r i s t i c s  o f  c o y o t e  k i l l s .  Coyote c o n t r o l  was e x e r c i s e d  
p r i o r  t o  P a r t  I (Henne 1975) ,  w i t h h e l d  d u r i n g  P a r t s  I and I I ,  and 
e x e r c i s e d  f r e q u e n t l y  a f t e r  P a r t  I I .  Wi t h  t he  e v i d e n c e  o f  i m m i g r a t i o n  
no t ed  on t he Cook Ranch,  t h e  l o c a l  c o y o t e  p o p u l a t i o n  s h o u l d  have 
s t a b i l i z e d  d u r i n g  P a r t  I ,  r emai ned s t a b l e  t h r o u g h  P a r t  I I ,  and t u r n e d  
o v e r  c o n s t a n t l y  d u r i n g  P a r t  I I I .  Three a s s u m p t i on s  a r e  made:  I )
c o y o t e s ,  b e i ng  o p p o r t u n i s t s ,  were  a t t r a c t e d  t o  and remained nea r  an 
ab u n d a n t ,  c o n s t a n t l y  a v a i l a b l e ,  and e a s i l y  c a p t u r e d  f ood  s u p p l y  such 
as sheep;  2) many c o y o t e s  in a p o p u l a t i o n  w i t h o u t  s y s t e m a t i c  p r e d a t o r  
c o n t r o l  l i v e  f o r  s e v e r a l  y e a r s ;  and 3) e x p e r i e n c e  i mproves  p r o f i c i e n c y ,  
t he  c o y o t e s  d u r i n g  P a r t  I I  s h o u l d  have been t he  most  p r o f i c i e n t  a t  
k i l l i n g  sheep,  l ess  p r o f i c i e n t  d u r i n g  I ,  and l e a s t  p r o f i c i e n t  d u r i n g  
i l l .  Two c h a r a c t e r i s t i c s  o f  c o y o t e  k i l l s ,  t he  o n s e t  o f  p r e d a t i o n  on 
a d u l t  ewes when lambs were  a v a i l a b l e  and t h e  s e l e c t i o n  o f  s i t e s  f o r  
k i l l i n g  a d u l t  ewes in p a s t u r e s  w i t h  low a r e a s ,  were used t o  e s t a b l i s h  
t h e  r e l a t i v e  p r o f i c i e n c i e s  o f  c o y o t e s  d u r i n g  t h e  t h r e e  s t u d i e s .
D u r i n g  P a r t  I ,  c o y o t e s  wh i ch  had p r es umab l y  been k i l . l i n g  lambs 
s i n c e  March s t a r t e d  k i l l i n g  a d u l t  ewes in m i d - J u l y  and k i l l e d  23 ewes 
by 20 September  1974.  D u r i n g  P a r t  I I ,  l a m b - k i l l i n g  c o y o t e s  began 
k i l l i n g  ewes i n  m i d - J u n e  and k i l l e d  21 ewes by 20 September  1975.
A e r i a l  h u n t i n g  and t o x i c  c o l l a r  t e s t s  f r om l a t e  J a n u a r y  t o  e a r l y  June 
1976 appeared  t o  e l i m i n a t e  t he  e x p e r i e n c e d  c oy o t es  r e m a i n i n g  on t he  
Ranch a f t e r  P a r t  I I ,  s i n c e  c oy o t e s  d i d  n o t  a g a i n  k i l l  ewes u n t i l  
m i d - A u g u s t  d u r i n g  P a r t  I I I  and t hen  o n l y  k i l l e d  two.  Thus ,  immi ­
g r a t i n g  c o y o t e s  appeared  t o  be l i m i t e d  t o  k i l l i n g  lambs d u r i n g  summer 
m o n t h s .
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W h i l e  c a t c h i n g  sheep wh i ch  were wounded o r  used in t o x i c  
c o l l a r  t e s t s ,  my f i e l d  a s s i s t a n t s  and I n o t i c e d  t h a t  lambs were 
e a s i e r  t o  c a t c h  t han  ewes,  and lambs were  p r o g r e s s i v e l y  h a r d e r  t o  
c a t c h  as t h e y  grew o l d e r  and l a r g e r .  Munoz ( 1976 : 26 )  no t ed  t h a t  
sheep s l owed down when a p p r o a c h i n g  t h e  bo t t oms  o f  d raws.  P r es umab l y ,  
c oy o t es  c o u l d  a l s o  d e t e c t  t hese  b e h a v i o r a l  d i f f e r e n c e s  and,  w i t h  
e x p e r i e n c e ,  c o u l d  l e a r n  t o  use low a r eas  t o  t h e i r  a d v an t a ge  in 
c a t c h i n g  ewes.  E x p e r i en c e d  c o y o t es  w o u l d ,  t h e r e f o r e ,  be l e s s  l i m i t e d  
t o  t a k i n g  lambs and wou l d  t ake  ewes e a r l i e r  i n t he  summer t han  wou l d  
i nexper  i enced c o y o t e s .
Based on t he  above a r gumen t ,  c o y o t e s  were most  p r o f i c i e n t  d u r i n g  
P a r t  I I ,  l e s s  p r o f i c i e n t  d u r i n g  I ,  and l e a s t  p r o f i c i e n t  d u r i n g  I I I .
F u r t h e r  s u p p o r t  f o r  t he  c o n c e p t  o f  improved e f f i c i e n c y  t h r o u g h  
e x p e r i e n c e  i s  r e v e a l e d  by an a n a l y s i s  o f  t he  l o c a t i o n s  o f  wounds 
i n f l i c t e d  by d o m e s t i c  dogs and t h e  two un d e t e r m i ne d  c a n i d s .  The 
wounds i n f l i c t e d  by t he  German s h o r t h a i r e d  p o i n t e r  were t y p i c a l  o f  
dog a t t a c k s ,  i n v o l v i n g  a l a r g e  number  o f  b i t e s  t o  e x t e n s i v e  a r eas  o f  
t he  t a r g e t  l amb ' s  body ,  neck ,  and l e g s .  Two o f f - R a n c h  dogs and t he  
guard  dogs a t t a c k e d  sheep r e p e a t e d l y ;  a t t a c k s  i n v o l v e d  few b i t e s  t o  
t he  bo d i es  o f  sheep and none t o  t he  l e g s ,  w i t h  most  b i t e s  c o n c e n t r a t e d  
in t he  neck a r e a .  Wounds on t he  two k i l l s  a t t r i b u t e d  t o  u n d e t e r m i ne d  
c a n i d s  were s i m i l a r  t o  t hose  on sheep a t t a c k e d  by t hese  dogs ,  y e t  we 
nev e r  s i g h t e d  dogs o r  f ound dog s i g n s  in o r  nea r  t he  p a s t u r e s  where 
the  k i l l s  o c c u r r e d .  These two k i l l s  c o u l d  have been c o mm i t t e d  by 
i n e x p e r i e n c e d  c o y o t e s .  Thus t he  c h a r a c t e r i s t i c s  used t o  d e f i n e  c o y o t e
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k i l l s  were  o n l y  c o n s i d e r e d  99 p e r c e n t  c e r t a i n  d u r i n g  P a r t  111.
The dec r ease  in numbers o f  a d u l t  ewes k i l l e d  d u r i n g  summer 
months by t he  l ess  a dep t  c o y o t e s  o f  P a r t  I I I ,  r e s u l t i n g  f r om p r e d a t o r  
c o n t r o l s ,  w o u l d ,  i n t he  l ong  r u n ,  p r e s e r v e  e x i s t i n g  b r e e d i n g  s t o c k ,  
t h e r e b y  p a r t i a l l y  a l l e v i a t i n g  t he  need f o r  s up p l eme n t a l  b r e e d i n g  
s t o c k  and t he  h e a l t h  p rob l ems  a s s o c i a t e d  w i t h  t h o s e  a n i m a l s .
Coyote Use P a t t e r n s  and P r e d a t i o n  C o n t r o l s  
Coyote  Use P a t t e r n s
S i m i l a r  t r e n d s  in numbers o f  k i l l s  pe r  day were no t ed  d u r i n g  a l l  
t h r e e  s t u d i e s .  The f i r s t  and most  i n t e n s e  su r ge  i n k i l l i n g  ( e a r l y  
May) c o i n c i d e s  w i t h  t he  c o y o t e  pup wean i ng  p e r i o d  and may r e f l e c t  
t he  i n c r ea s e d  f ood r e q u i r e m e n t s  o f  t h a t  p e r i o d ,  t hough a e r i a l  hun t s  
s h o r t l y  a f t e r  t h a t  p e r i o d  y i e l d e d  no l a c t a t i n g  b i t c h e s  ( t h e  a s s u mp t i on  
i s  made t h a t  l a c t a t i n g  b i t c h e s  a r e  as v u l n e r a b l e  as o t h e r  c o y o t e s  t o  
a e r i a l  h u n t i n g ) .  Whatever  t he  r e a s o n ,  c o y o t es  were e v i d e n t l y  w i l l i n g  
t o  t r a v e l  many m i l e s  t o  t a k e  a d v an t a ge  o f  t he  p r e y  c o n c e n t r a t i o n  on 
t he  Ranch d u r i n g  t h a t  p e r i o d .  S i nc e  c o n v e n t i o n a l  and e x p e r i m e n t a l  
c o n t r o l s  f r om 9 Oc t obe r  t o  t h a t  t i m e  were i n e f f e c t i v e  in p r e v e n t i n g  
t h i s  s u r ge  d u r i n g  P a r t  I I I ,  i n t e n s i v e  sheep management  ( h e r d i n g  o r  
c o r r a l l i n g  a t  n i g h t )  d u r i n g  t h i s  p e r i o d  may be t he  o n l y  s o l u t i o n  t o  
p r e v e n t  e x t e n s i v e  l o s s e s  on ranches  e x p e r i e n c i n g  a s i m i l a r  su r g e .  
However ,  i n c r e a s e d  range damage and expenses and o r p h a n i n g  o f  lambs 
r e s u l t i n g  f r om i n t e n s i v e  management  c o u l d  o u t w e i g h  t he  b e n e f i t s ,  
and c o y o t e s  m i gh t  s h i f t  d a i l y  h u n t i n g  p e r i o d s  t o  compensate f o r  
t hos e  changes in sheep management .
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The su r ge  n o t ed  d u r i n g  e a r l y  September  was p r o b a b l y  a consequence 
o f  t he  lamb wean i ng  p r ocess  in wh i c h  lambs were f o r c i b l y  s e p a r a t e d  
f r om ewes,  d i s r u p t i n g  t he  e x i s t i n g  s o c i a l  s t r u c t u r e  and c o h e s i ve n e s s  
o f  t h e  h e r d .  My a s s i s t a n t s  and I n o t i c e d  t h a t  t he  lambs were  more 
d i f f i c u l t  t o  he r d  a f t e r  wean i ng  t han  b e f o r e ;  Pau l y  had i n f o r me d  us t h a t  
t h i s  was t o  be e x p e c t e d ,  and t he  lambs wou l d  be e a s i l y  e x c i t e d  f o r  
s e v e r a l  days a f t e r  wean i ng  u n t i l  new s o c i a l  bonds were formed and t he  
c oh e s i v e n e s s  o f  t he  he rd  was p a r t i a l l y  r e s t o r e d .  C o n n o l l y  e t  a l .  (1976b)  
found t h a t  escape b e h a v i o r  o f  sheep ( f l e e i n g )  r a t h e r  t han  hunge r  s t i m u ­
l a t e d  c o y o t es  t o  a t t a c k .  T h e r e f o r e ,  t h e  i n c r e a s ed  e x c i t a b i l i t y  o f  lambs 
a f t e r  wean i ng  p r o b a b l y  i n f l u e n c e d  t he  number  o f  lambs a t t a c k e d  by 
c o y o t e s .  I n t e n s i v e  management  o f  lambs a f t e r  wean i ng  u n t i l  new s o c i a l  
bonds f ormed s h o u l d  reduce l o s s e s  t o  c o y o t e s .
The m i d - Sep t embe r  sur ge  no t ed  d u r i n g  P a r t  I I  may have been caused 
by c o y o t e  pups l e a r n i n g  t o  k i l l  sheep,  s i n c e  some o f  t he  12 pups 
t aken  s h o r t l y  t h e r e a f t e r  had f ed  on (and p r es umab l y  k i l l e d )  sheep.
A g e n e r a l  d e c r eas e  in d a i l y  k i l l s  o c c u r r e d  d u r i n g  J u l y  and 
A u g u s t ,  p r e s u ma b l y  because o f  t he  a v a i l a b i l i t y  o f  a l t e r n a t e  p r e y  such 
as Col umbian g round s q u i r r e l s  ( Spermoph i l  us columb i a n u s ) and w h i t e ­
t a i l e d  j a c k r a b b i t s  ( Lepus townsend i i ) .  The o bse r ved  d i f f e r e n c e s  in 
k i l l  l e v e l s  between P a r t s  I I  and I I I  c o u l d  have r e s u l t e d  f r om d i f f e r ­
ences i n abundance o f  a l t e r n a t e  p r e y  as much as p r e d a t o r  c o n t r o l  
a c t i v i t i e s ;  g r ound s q u i r r e l s  and j a c k r a b b i t s  appeared  t o  be more 
abundan t  d u r i n g  P a r t  M l  t han I I  ( Johannsen and Munoz p e r s .  comm. ) .
Both c o n t r o l  a c t i v i t i e s  and a l t e r n a t e  p r e y  were p r o b a b l y  f a c t o r s  
s i n c e  most  c o y o t e s  mov ing o n t o  t he  Ranch t r a v e l e d  t h r o u g h  t he  a r ea
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(Dry Gul ch)  where ground s q u i r r e l s  and j a c k r a b b i t s  were  most  abundan t .
As e x p e c t e d ,  t he  numbers o f  k i l l s  per  day dec r eas ed  d u r i n g  
Pa r t  111. A p p a r e n t l y ,  c o y o t e  use o f  t he  Ranch a l s o  d e c r ea s e d .  The 
r e l i a b i l i t y  o f  t he  c o y o t e - u s e  i ndex  ( e s t i m a t e d  numbers o f  c o y o t e s  
k i l l i n g  sheep per  day)  i s  based on S e v e r s o n ' s  ( p e r s .  comm.) o b s e r ­
v a t i o n s  on 11 May 1976,  when seven lambs were k i l l e d  and seven were 
wounded.  Severson t r a c k e d  two c o y o t e s  and one f o x  in and around 
t he  p a s t u r e  where t hose  a t t a c k s  o c c u r r e d .  A n a l y s i s  o f  t he  datum 
ca r d s  f o r  t h a t  day i n d i c a t e s  t h a t  one lamb was k i l l e d  and f ed on by 
a f o x ,  and two were k i l l e d  and f ed on by c o y o t e s .  No o t h e r  c a r ca s s e s  
were f ed  on s i g n i f i c a n t l y .  A l s o ,  d u r i n g  a l l  t h r e e  P a r t s ,  t h e r e  were 
p e r i o d s  when t he  number o f  c a r ca s s e s  f e d  on was c o n s i s t e n t  f r om day 
t o  day ,  even though t he  number  o f  k i l l s  v a r i e d .
Coyote use o f  t he  Ranch appeared  t o  i n c r e a s e  f rom P a r t  I t o  I I .  
G i e r  ( 1975- 251)  s t a t e d  t h a t  " t h e  g ene r a l  c o n c e n t r a t i o n  o f  c o y o t e s  i s  
n a t u r a l l y  l i m i t e d  by (1) adequacy  o f  f ood s u p p l y ,  (2) den n i n g  
t e r r i t o r y ,  (3) i n t r a s p e c i f i c  s t r i f e  dependent  on t he  f r e q u e n c y  o f  
c o n t a c t  and c o m p e t i t i o n  f o r  f o o d ,  and (4) adequa t e  space d e v o i d  o f  
i n t e r s p e c i f i c  r i v a l r y  w i t h  o t h e r  c a r n i v o r e s . "  F a c t o r s  (1) and (4) 
were  a p p a r e n t l y  no t  l i m i t i n g  on t he  Cook Ranch s i n c e  sheep were 
abundan t  and o t h e r  c a r n i v o r e s  were n o t  p r e s e n t  in s i g n i f i c a n t  
numbers .  F a c t o r  (2)  p r es umab l y  remai ned c o n s t a n t  i n t he  absence o f  
any ma j o r  change in l and use p r a c t i c e s  on o r  a r ound t he  Ranch.  The 
i n c r e a s e  in c o y o t e  use,  t h e n ,  wou l d  appea r  t o  be a f u n c t i o n  o f  ( 3 ) .  
W i t h  t he  a p p a r e n t l y  heavy i n f l u x  o f  c o y o t e s  no t ed  on t he  Cook Ranch,  
t he  l o c a l  c o y o t e  p o p u l a t i o n  s h o u l d  have s t a b i l i z e d  d u r i n g  P a r t  I
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and r emai ned s t a b l e  t h r o u g h  P a r t  I I  i n t he  absence o f  p r e d a t o r  
c o n t r o l s  i n t he  a r e a .  The i n c r e a s e  in c o y o t e  use f r om P a r t  I t o  
P a r t  I I  m i g h t  i n d i c a t e  i n c r e a s e d  s o c i a l  t o l e r a n c e  among c o y o t e s .
O b s e r v a t i o n s  by Sever son ( p e r s .  comm.) in l a t e  J an u a r y  1976 
sugges t  a p o s s i b l e  mechani sm.  Through c a r e f u l  t r a c k i n g ,  he 
d i s c o v e r e d  t h a t  a l l  k i l l s  a t  t h a t  t i me  were c ommi t t ed  by c o y o t e s  
o c c u p y i n g  two dens c l o s e  t o  t he  Ranch.  D u r i n g  a e r i a l  h u n t s  on 28 
and 29 J a n u a r y ,  he k i l l e d  10 c oy o t es  a t  t hose  dens ,  4 a d u l t s  and 
6 “ s h o r t - y e a r 1 i n g s "  (9 t o  10 months o l d ) .  Coyote pup d i s p e r s a l  
n o r m a l l y  b e g i ns  d u r i n g  November and ends a r ound t he  end o f  J anua r y  
( Know l t on  1972;  G i e r  1975*257) -  The p r esenc e  o f  s h o r t - y e a r l i n g s  
in dens i n d i c a t e s  t h a t ,  i n  t h e  p r esenc e  o f  an a b u n d a n t ,  c o n c e n t r a t e d  
f ood s ou r c e  such as d o m e s t i c  sheep,  s o c i a l  t o l e r a n c e  c o u l d  i n c r e a s e ,  
l e a d i n g  t o  t he  r e t e n t i o n  o f  s h o r t - y e a r l i n g s  and t h e  f o r m a t i o n  o f  
c l a n - g r o u p s  o r  packs .  Camenzind ( i n  p r e p . )  o bse r ved  t h e  f o r m a t i o n  
o f  s i m i l a r  a g g r e g a t i o n s  among c a r r i o n - f e e d i n g  c oy o t e s  on t he  N a t i o n a l  
E l k  Re fuge ,  Jac kson ,  Wyoming.
Coyotes  Taken and t he  E f f e c t i v e n e s s  o f  P r e d a t i o n  C o n t r o l s
Fewer c o y o t e  c a r c a s s e s  were r e c o v e r ed  d u r i n g  P a r t  I I I  t han  were 
r ec o v e r e d  by Munoz (1976)  f r om 10 Oc t obe r  1975 t o  31 J an u a r y  1976.  
E x c l u d i n g  h i s  32 pups and 5 unknown-age c o y o t e s  t o  e l i m i n a t e  seasona l  
d i f f e r e n c e s  between t he two p r e d a t o r  c o n t r o l  p e r i o d s ,  t he  numbers 
were  n e a r l y  equal  (11 f o r  t he  f i r s t  p e r i o d ,  12 f o r  P a r t  I I I ) .  Hi s  
c o y o t es  averaged  1.5 yea r s  o l d  ( a d j u s t e d  f o r  seasona l  d i f f e r e n c e s ) ,  
w h i l e  t hos e  r ec ov e r ed  d u r i n g  P a r t  I I I  ave r aged  1 .7  y ea r s  o l d .  Recovery
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o f  t he  DÎ p h a c i n o n e ~ k Î 11ed c o y o t e s  wou l d  have been e x p e c t e d  t o  r a i s e  
t he  f i g u r e  f o r  P a r t  I I I  because t h e  t o x i c  c o l l a r  i s  t h e o r e t i c a l l y  
most  e f f e c t i v e  a g a i n s t  o l d e r ,  more wa r y  c o y o t e s  who e l u d e  o t h e r  
methods o f  c o n t r o l  ( C o n n o l l y  e t  a l .  1976a) .  The most  e f f e c t i v e  
c o n t r o l  methods used d u r i n g  P a r t  I I I  ( t o x i c  c o l l a r s  and a e r i a l  
h u n t i n g ) ,  t h e r e f o r e ,  were p r o b a b l y  more s e l e c t i v e  f o r  o l d e r  c o y o t e s  
than t he  most  e f f e c t i v e  methods ( a e r i a l  h u n t i n g  and M-44s)  used f r om 
10 Oc t obe r  1975 t o  31 Janua r y  1976.
The number o f  c o y o t e s  r e c o v e r ed  d u r i n g  P a r t  I I I  was a c o n s e r ­
v a t i v e  e s t i m a t e  o f  t he number  o f  c o y o t e s  k i l l e d .  The s l o w - a c t i n g  
n a t u r e  o f  D i p h a c i n o n e  i n c r e a s e d  t he  p r o b a b i l i t y  t h a t  c o y o t e s  d i e d  
o f f - R a n c h ,  whereas Munoz ' s  (1976)  methods k i l l e d  q u i c k l y  and 
t h e r e f o r e  i n s u r ed  r e c o v e r y  o f  c o y o t e  c a r c a s s e s .  The low r e c o v e r y  
r a t e  o f  D i ph a c i no ne - do s e d  c o y o t es  was e x p e c t e d ,  s i n c e  McBr i de  ( p e r s .  
comm.) o n l y  r ec o v e r e d  one c o y o t e  d u r i n g  h i s  t o x i c  c o l l a r  wo r k  w i t h  
a f a s t e r - a c t i n g  t o x i c a n t  on 14 ranches  in Texas .
The methods used d u r i n g  P a r t  I I I  were p r o b a b l y  more s e l e c t i v e  
f o r  s h e e p - k i l l i n g  c o y o t e s  t han  t hose  used by Munoz ( 19 7 6 ) .  On l y  33 
p e r c e n t  o f  t he  c o y o t e  s tomachs he exami ned c o n t a i n e d  wool  w h i l e  50 
p e r c e n t  o f  t hose  examined d u r i n g  P a r t  I I I  c o n t a i n e d  w o o l .  A g a i n ,  
t h i s  50 p e r c e n t  i s  c o n s e r v a t i v e  due t o  t he  n a t u r e  o f  D i p h a c i n o n e .
The samples o f  c o y o t e s  k i l l e d  by some c o n t r o l  methods were  sma l l  
and v a r i a b l e s  such as w e a t h e r ,  h a b i t a t ,  a l t e r n a t e  p r e y ,  s k i l l  o f  
damage c o n t r o l  p e r s o n n e l ,  and many o t h e r  f a c t o r s  appea red  t o  a f f e c t  
t he  e f f i c a c y  o f  each c o n t r o l  method on t h i s  Ranch d u r i n g  t h i s  p e r i o d .  
However ,  based on da t a  f r om c o y o t e s  k i l l e d  between 9 Oc t o b e r  1975 and
48
30 September  1976,  I d e r i v e d  t he  f o l l o w i n g  e m p i r i c a l  r a n k i n g  f o r  t he  
e f f e c t i v e n e s s  o f  t he  v a r i o u s  methods d e v i s e d  f o r  k i l l i n g  d e p r e d a t i n g  
c o y o t es  on t he  Cook Ranch:
1) t h e  t o x i c  c o l l a r  -  s e l e c t i v e  f o r  s h e e p - k i l l i n g  c o y o t e s ,  t h e i r  
compan i ons ,  and t h e i r  pups;
2) a e r i a l  h u n t i n g  -  more s e l e c t i v e  f o r  o l d e r  c o y o t e s  and sheep-  
k i l l e r s  t han  t r a p s ,  s n a r e s ,  and M-44s ;  and
3) t r a p s ,  s n a r e s ,  and M-44s -  s e l e c t i v e  f o r  young c o y o t e s ,  
p r o b a b l y  few s h e e p - k i 11e r s .
There  a r e  p rob l ems i n h e r e n t  i n  t he  two most  s e l e c t i v e  methods .  
A e r i a l  h u n t i n g  i s  l i m i t e d  t o  d a y l i g h t  h o u r s .  Coyotes  d u r i n g  P a r t  
I I I  s h i f t e d  t h e i r  s h e e p - k i l l i n g  a c t i v i t i e s  i n r esponse t o  e a r l y  
mo r n i ng  h u n t s ,  e i t h e r  t h r ou g h  a v o i d a n c e  o r  t h r o u g h  t he  e l i m i n a t i o n  
o f  m o r n i n g - h u n t i n g  c o y o t e s .
The m a j o r  p r ob l em w i t h  t he  t o x i c  c o l l a r  was t he  s l o w - a c t i n g  
t o x i c a n t .  The r e s u l t s  o b t a i n e d  on t he  Cook Ranch and d u r i n g  o t h e r  
f i l e d  t e s t s  " i n d i c a t e  t h a t  a n o n - r e p e l l e n t ,  f a s t  a c t i n g  ( w i t h i n  24 
h r . )  t o x i c a n t  i s  e s s e n t i a l  t o  s u c c e s s f u l  use o f  t he  t o x i c  c o l l a r  
c o n c e p t .  One such t o x i c a n t  i s  sodi um f 1u o r o a c e t a t e  (Compound lOBO).  
However  t h i s  compound has no t  been app r oved  f o r  e x p e r i m e n t a l  use i n 
t he  t o x i c  c o l l a r  because o f  i t s  c o n t r o v e r s i a l  b a c k g r oun d .  Given 
lOBO o r  a n o t h e r  s u i t a b l e  t o x i c a n t  t he  c o l l a r  w i l l  wo r k  . . . "
( C o n n o l l y  e t  a l .  1 9 7 6 a : 3 ) .
The s T o w - a c t i n g  n a t u r e  o f  D i p h a c i no n e  p r e c l u d e d  a c c u r a t e  
c ompar i son  o f  t he  e f f e c t i v e n e s s  o f  t he  t o x i c  c o l l a r  i n i t s  t h r e e
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p o s s i b l e  a p p l i c a t i o n s  ( p r e - r e l e a s e ,  i n t e r c e p t i o n  a l o n g  c o y o t e  t r a v e l  
r o u t e s ,  and r ep l a c e me n t  o f  r e g u l a r  he rds  on be d d i ng  g r o u n d s ) .  C o l l a r s  
were p u n c t u r e d  d u r i n g  each a p p l i c a t i o n ,  and t he  c o l l a r  wou l d  p r o b a b l y  
work  w e l l  i n each i n s t a n c e  w i t h  a f a s t e r - a c t i n g  t o x i c a n t .
The t o x i c  c o l l a r  has r a m i f i c a t i o n s  f o r  p o p u l a t i o n  c o n t r o l  as 
w e l l  as d e p r e d a t i o n  c o n t r o l .  I f  a l l  c o y o t e s  a r e  l a t e n t  sheep k i l l e r s  
as C o n n o l l y  e t  a l .  (1976b)  s u g g e s t e d ,  t hen  l o n g - t e r m  use o f  t he  t o x i c  
c o l l a r  c o u l d  s u b s t a n t i a l l y  r educe c o y o t e  p o p u l a t i o n s  i n  sheep-  
p r o d u c i n g  a r e a s .  However ,  t he  c o s t ,  t i m e ,  and manpower r e q u i r e d  
f o r  t o x i c  c o l l a r  wo r k  wou l d  be p r o h i b i t i v e  f o r  use in l a r g e - s c a l e  
c o n t r o l ,  mak ing t h i s  method more d e s i r a b l e  as a “ l a s t - d i t c h ”  e f f o r t  
t o  c o n t r o l  c oy o t e s  w h i c h  escape o t h e r  methods o f  c o n t r o l  ( C o n n o l l y  e t  
a i .  1976a) .
The e f f e c t i v e n e s s  o f  t he c o n t r o l s  t e s t e d  between 9 Oc t o b e r  1975 
and 30 September  1976 appeared  t o  be i n v e r s e l y  r e l a t e d  t o  t h e  y e a r l y  
c o y o t e  d e n s i t y  f l u c t u a t i o n s  no t ed  by Knowl t on  ( 1 9 7 2 ) ;  t h a t  i s ,  c o n t r o l s  
appeared  t o  be most  e f f e c t i v e  when n a t u r a l  c o y o t e  p o p u l a t i o n  d e n s i t i e s  
were a t  t h e i r  l owes t  l e v e l s  ( F e b r u a r y  t h r o u g h  March and J u l y  t h r o u g h  
Oc t o b e r )  and r e p l ac e m e n t  by i m m i g r a t i n g  c oy o t e s  was l e a s t  l i k e l y .  The 
d i f f i c u l t y  i n c o n t r o l l i n g  c oy o t e  damage on t he  Cook Ranch b e f o r e  Henne ' s  
( 1975) s t u d y  and a f t e r  9 Oc t obe r  1975 appeared  t o  be caused by t h i s  
m o b i l i t y  ( i . e . ,  i m m i g r a t i o n )  o f  c o y o t e s  o n t o  t he  Ranch,  and t h e r e f o r e  
c o n t r o l s  wou l d  be n e c e s s a r y  o v e r  an a r ea  l a r g e r  t han  t he  Ranch t o  
s u b s t a n t i a l l y  r educe l os s e s .
The guar d  dogs were t he  most  e f f e c t i v e  method t e s t e d  in e l i m i ­
n a t i n g  l o ss es  t o  c o y o t e s .  Low c o y o t e  r e p l ac e m e n t  r a t e s  and t he
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a v a i l a b i l i t y  o f  a l t e r n a t e  p r ey  d u r i n g  summer months may have i n f l u ­
enced t he  r e s u l t s .  Damage by c o y o t e s ,  howeve r ,  was r e p l a c e d  b y .  
ha r assment  o f  t he  sheep by t he  guard  dogs ,  wh i c h  may have been a 
consequence o f  t he  dogs '  r e a r i n g  and t r a i n i n g  ( L i n h a r t  e t  à 1. i n 
p r e p . ) .  F u r t h e r  r e f i n e m e n t s  in r e a r i n g  and t r a i n i n g  a r e  n e c e s s a r y  
b e f o r e  guard  dogs can be p r o p e r l y  e v a l u a t e d .  The dogs d i d  show g r e a t  
p o t e n t i a l  f o r  r e d u c i n g  c o y o t e  damage.
Management  I m p l i c a t  i ons
The c o n t r o l s  t e s t e d  d u r i n g  P a r t  I I I  r educed l os s es  o f  sheep t o  
c o y o t e s .  F u r t h e r  r e d u c t i o n s  s hou l d  be p o s s i b l e  t h r ou g h  r e f i n e m e n t s  
in sheep management  ( e . g . ,  c o r r a l l i n g  sheep a t  n i g h t  d u r i n g  peak 
l os s  p e r i o d s )  and p r o p e r  a p p l i c a t i o n  o f  c o n t r o l  methods .  However ,  
c o y o t e  m o b i l i t y  makes t he  e l i m i n a t i o n  o f  c o y o t e  damage in an a r ea  l i k e  
t he  Cook Ranch,  where  l oss  l e v e l s  wer e  a f u n c t i o n  o f  c o y o t e  p o p u l a t i o n  
movements and d e n s i t y ,  i m p o s s i b l e  w i t h o u t  r e d u c t i o n  o v e r  a l a r g e r  a r ea  
t han a s i n g l e  r anch .  The p o t e n t i a l  i mpac t  o f  l a r g e - s c a l e  r e d u c t i o n  on 
o t h e r  s p e c i e s  must  be c o n s i d e r e d  in s e l e c t i n g  l e t h a l  (such as t o x i c  
c o l l a r s ,  a e r i a l  h u n t i n g ,  and M-44s ,  wh i ch  a c t i v e l y  k i l l  c o y o t e s )  o r  
n o n - l e t h a l  ( such as guard  dogs o r  a v e r s i v e  a g e n t s ,  wh i ch  cause c oy o t es  
t o  a v o i d  sheep)  c o n t r o l  methods.
P r e d a t o r  c o n t r o l  may b e n e f i t  c e r t a i n  w i l d l i f e  s p e c i e s  in a d d i t i o n  
t o  l i v e s t o c k .  S t u d i e s  (Cook e t  a l .  1971,  T r a i n e r  1975,  R e i c h e l  1976) 
have documented c o y o t e  p r e d a t i o n  as t he  g r e a t e s t  s i n g l e  f a c t o r  
i n f l u e n c i n g  fawn s u r v i v a l  o f  w h i t e - t a i l e d  d ee r  ( O d o c o i l e u s  v i r g i n i a n u s ) ,  
mule deer  (0.  h e m i o n u s ) , and p r ongho r n  a n t e l o p e  ( A n t i l o c a p r a  a m e r i c a n a ) ,
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r e s p e c t i v e l y ,  i n c e r t a i n  a r e a s .  Coyote  r e d u c t i o n  somet i mes i n c r e a s e s  
fawn s u r v i v a l  (Horn 1941,  A r r i n g t o n  and Edwards 1951,  Beasom 1974a 
and b ) . W h i l e  c o y o t e  p r e d a t i o n  i s  o f t e n  t he  ma j o r  m o r t a l i t y  f a c t o r  
a f f e c t i n g  J a c k r a b b i t s  and r o d e n t s  (Horn 1941,  C l a r k  1972,  Wagner and 
S t o d d a r t  1972) ,  c oy o t e  c o n t r o l  can r e s u l t  i n reduced r o d e n t  and 
l agomorph d e n s i t i e s  (Horn 1941) .  Coyote  d e n s i t i e s  have been o bse r ved  
t o  f l u c t u a t e  i n v e r s e l y  w i t h  t he  d e n s i t i e s  o f  some m e d i u m - t o - s m a 11 
c a r n i v o r e s  (Rob i nson  1961,  L i n h a r t  and Robinson 1972) ,  i m p l y i n g  t h a t  
c o y o t e s  may l i m i t  t h o s e  s p e c i e s  i n some a r e a s .  These s t u d i e s  i n d i c a t e  
t h a t  l a r g e - s c a l e  c o y o t e  p o p u l a t i o n  r e d u c t i o n  wou l d  have l i t t l e  e f f e c t  
on r od e n t s  and wou l d  b e n e f i t  d e e r ,  b o b c a t s  ( Lynx r u f u s ) , and o t h e r  
m e d i u m - t o - s m a l l  c a r n i v o r e s  i f  t he  h a b i t a t  c o u l d  s u p p o r t  p o p u l a t i o n  
i n c r ea s e s  o f  t ho s e  s p e c i e s .
CHAPTER V 
SUMMARY
Three s t u d i e s  on t he  Cook Ranch in w e s t e r n  Montana documented 
p r e d a t o r - c a u s e d  l i v e s t o c k  l os ses  and t e s t e d  t he  e f f e c t i v e n e s s  o f  
c o n v e n t i o n a l  and e x p e r i m e n t a l  p r e d a t o r  c o n t r o l  methods i n  r e d u c i n g  
t hose  l os s e s .  Henne (1975)  c onduc t e d  t he  f i r s t  s t u d y  f r om 15 March 
1974 t o  14 March 1975 and was conce r ned  p r i m a r i l y  w i t h  sheep m o r t a l i t y ,  
Munoz ( 1976) d i r e c t e d  t he  second s t u d y  f r om 15 March 1975 t o  l 4  March 
1 9 7 6 . He a l s o  documented causes o f  sheep m o r t a l i t y ,  b u t  c o n t r o l  
e f f o r t s  were begun when l osses  t h r e a t e n e d  t o  o u t s t r i p  t he  f unds  budg ­
e t ed  t o  r e i mb u r s e  Cook f o r  c o n f i r m e d  l o s s e s  t o  w i l d  p r e d a t o r s .
My s t u d y  began 15 March and ended 30 September  1976 when Cook 
s o l d  t he  Ranch because he f e l t  he c o u l d  n o t  p r o f i t a b l y  r a i s e  sheep 
in t he  B i t t e r r o o t  V a l l e y  due t o  c o y o t e  p r e d a t i o n .  My o b j e c t i v e s  
were t o  measure t he  e f f i c a c y  o f  c o n v e n t i o n a l  and e x p e r i m e n t a l  
d e p r e d a t i o n  c o n t r o l  me thods ,  t e s t e d  by t he  Denver  W i l d l i f e  Research 
Ce n t e r ,  by compar i ng  k i l l  l e v e l s  i n t he  p r esence  o f  v a r i o u s  c o n t r o l  
methods t o  t he  l e v e l s  r e c o r d e d  by Henne and Munoz in t he  absence 
o f  c o n t r o l ,  and t o  d e t e r m i n e  t he  e f f e c t s  o f  t hos e  c o n t r o l s  on c o y o t e  
movements.  S i nce  t h i s  s t u d y  d i d  n o t  c o v e r  a f u l l  y e a r ,  compa r i sons  
c o u l d  o n l y  be made w i t h  Henne ’ s and Munoz ' s  da t a  f o r  t he  p e r i o d  15 
March t h r ou g h  30 September .  Tha t  p e r i o d  f o r  1974 i s  r e f e r r e d  t o  as 
P a r t  I ;  f o r  1975,  P a r t  I I ;  and f o r  1976,  P a r t  I I I .
Lamb dea t hs  n o t  i n v o l v i n g  p r e d a t i o n  were compar ab l e  d u r i n g  P a r t  
I and I I  ( 5 . 7  and 5.5% o f  t he  lamb c r o p ,  r e s p e c t i v e l y ) ,  b u t  i n c r e a s e d
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d u r i n g  P a r t  I I I  (10.9% o f  t he  lamb c r op )  as a r e s u l t  o f  c r o w d i n g  and 
i n c l e m e n t  w e a t he r  d u r i n g  l amb i ng  and t he  age and c o n d i t i o n  o f  t he  
ewes.  Ewe dea t hs  no t  i n v o l v i n g  p r e d a t i o n  i n c r ea s e d  s t e a d i l y  f r om 
P a r t  I t o  I I I ( 2 . 5 , 3 . 6 , and 5-3% o f  t he  ewe h e r d ,  r e s p e c t i v e l y ) .
Ravens,  go l den  e a g l e s ,  and f oxes  were n o t  c o n s i d e r e d  s i g n i f i c a n t  
p r e d a t o r s  o f  sheep d u r i n g  t he  t h r e e  s t u d i e s .  Dogs k i l l e d  two sheep 
d u r i n g  P a r t  I and k i l l e d  o r  wounded a t  l e a s t  n i n e  d u r i n g  P a r t  I I I .
Dog har assment  was n o t  no t ed  d u r i n g  P a r t  I k  The i n c r e a s e  m i gh t  
have r e s u l t e d  f r om d i s r u p t i o n  o f  c o y o t e  t e r r i t o r i e s  caused by p r e d a t o r  
c o n t r o l  5 .
Coyotes  k i l l e d  330 lambs and 33 ewes d u r i n g  P a r t  I (17.8% o f  t he  
exposed h e r d ) ;  394 lambs and 50 ewes d u r i n g  I I  (13-9% o f  an expanded 
h e r d ) ;  and 214 lambs and 13 ewes d u r i n g  I I I  (8.7% o f  t he  exposed he r d )  
in s p i t e  o f  p r e d a t o r  c o n t r o l s .  A m a j o r  s ec onda r y  e f f e c t  o f  c o y o t e  
p r e d a t i o n  was d e t e r i o r a t i o n  o f  t he  h e a l t h  o f  t he  ewe h e r d ,  s i n c e  
c o m m e r c i a l l y  a v a i l a b l e  r ep l ac e me n t  ewes were g e n e r a l l y  o l d e r  and 
more d i s e a s e - p r o n e  t han t hose  r a i s e d  on t he  Ranch.  The h e a l t h  o f  
sheep k i l l e d  by c oy o t es  d e c l i n e d  s t e a d i l y  f r om P a r t  I t o  I I I .  P e r ­
cen t age s  o f  sheep in each c a t e g o r y  ( h e a l t h y / a b n o r m a l i t i e s  p r e s e n t /  
sev e r e  d i s o r d e r s  p r e s e n t )  we r e :  P a r t  I ,  7 4 . 1 / 1 9 . 9 / 6 . 0 ;  P a r t  I I ,
6 9 . 2 / 2 1 . 9 / 8 . 9 ; and P a r t  I I I ,  5 1 . 5 / 3 5 . 3 / 1 3 . 2 .  D u r i ng  P a r t  I I I ,  9 o f  
12 hand i capped  sheep were k i l l e d  by c o y o t e s .  I t  appeared  t h a t  
c o y o t e s  a t t a c k e d  sheep as t h e y  were e n c o u n t e r e d ;  t h u s ,  t he  s l o w e r  
hand i capped  sheep were more l i k e l y  t o  be e n c o u n t e r ed  and k i l l e d  b e f o r e  
heaI  t h y  o n e s .
Carcasses  were g e n e r a l l y  f ed  on more e x t e n s i v e l y  d u r i n g  P a r t  I
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t han d u r i n g  P a r t s  I I  and I I I .  Sheep were f r e q u e n t l y  f ound  wounded 
o r  k i l l e d  w i t h  no f e e d i n g  on t he  c a r c a s s e s  on days w i t h  m u l t i p l e  
k i l l s .  Coyotes  used s i m i l a r  b i t e  p a t t e r n s  t o  k i l l  sheep d u r i n g  t he  
t h r e e  s t u d i e s .  Coyotes d u r i n g  P a r t  111 i n f l i c t e d  p r o p o r t i o n a t e l y  
more b i t e s  t o  t he  body o r  l egs  t han  d u r i n g  P a r t s  I o r  I I , p o s s i b l y  
because i n e x p e r i e n c e d  c oy o t es  were r e p l a c i n g  e x p e r i e n c e d  c o y o t e s  
k i l l e d  d u r i n g  t he  t e s t s  o f  c o n t r o l  me thods .  Most  sheep a t t a c k e d  
by dogs r e c e i v e d  f e w e r ,  n e a t e r  b i t e s  t han  i s  c o n s i d e r e d  t y p i c a l  o f  
dog a t t a c k s .  Two a d d i t i o n a l  lambs r e c e i v e d  wounds s i m i l a r  t o  t he  
ones i n f l i c t e d  by t hes e  dogs bu t  may have been k i l l e d  by i n e x p e r i ­
enced c o y o t e s .  Thus ,  t he  c h a r a c t e r i s t i c s  used t o  d e f i n e  c o y o t e  
k i l l s  were o n l y  c o n s i d e r e d  99 p e r c e n t  a c c u r a t e  d u r i n g  P a r t  I I I .
T rends  in t he  o n s e t  o f  p r e d a t i o n  on a d u l t  ewes when lambs were 
a v a i l a b l e  and t he  s e l e c t i o n  o f  s i t e s  f o r  k i l l i n g  ewes in p a s t u r e s  
w i t h  low a reas  s u p p o r t e d  t he  h y p o t h e s i s  t h a t  c o y o t es  were most  
p r o f i c i e n t  d u r i n g  I I ,  l ess  d u r i n g  I ,  and l e a s t  d u r i n g  I I I .  Coyotes  
began k i l l i n g  ewes e a r l i e s t  d u r i n g  I I ( m i d - J u n e ) ,  l a t e r  d u r i n g  I 
( m i d - J u l y ) ,  and l a t e s t  d u r i n g  I I I  ( m i d - A u g u s t ) .  Coyotes  k i l l e d  
most  (61%) ewes in low areas  d u r i n g  I I ,  f ewe r  (33%) d u r i n g  I ,  and 
f e w e s t  (25%) d u r i n g  I I I .
Ma j o r  su r ges  i n k i l l s  pe r  day o c c u r r e d  d u r i n g  e a r l y -  t o  m i d -  
May ( 4 . 0  k i l l s  pe r  day d u r i n g  I ,  6 . 3  pe r  day d u r i n g  I I ,  and 6 . 0
per  day d u r i n g  I I I )  and e a r l y  September  ( 2 . 3  per  day d u r i n g  I ,  2 . 0
per  day d u r i n g  I I ,  and 1.3 pe r  day d u r i n g  I I I ) .  The f i r s t  su rge
c o i n c i d e d  w i t h  t he  c o y o t e  pup wean i ng  p e r i o d .  The second a p p a r e n t l y
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r e s u l t e d  f r om d i s r u p t i o n  o f  t he  h e r d ' s  s o c i a l  s t r u c t u r e  and t h e  
r e s u l t i n g  i n c r e a s e  i n e x c i t a b i l i t y  o f  lambs caused by t he  wean i ng  
p r oc e s s .  A gene r a l  d e c l i n e  in av e r age  numbers o f  k i l l s  pe r  day 
o c c u r r e d  d u r i n g  summer months ,  p o s s i b l y  due t o  t he  i n c r e a s e d  abun ­
dance o f  a l t e r n a t e  p r e y  as young g round s q u i r r e l s  and l agomorphs  
became ava i l a b l e .
E s t i m a t e d  minimum c o y o t e  use o f  t h e  Ranch i nc r e a s e d  f r o m  P a r t  I 
t o  I I  and dec r eased  d u r i n g  111 (253 ,  303,  and 168 c o y o t e - u s e  da y s ,  
r e s p e c t i v e l y ) .  The i n c r e a s e  f r om I t o  I I  may r e f l e c t  i n c r e a s e d  
s o c i a l  t o l e r a n c e  among t he  l o c a l  c o y o t e s ,  o r  s i m p l y  a b u i l d u p  in
co y o t e  numbers w i t h o u t  c o n t r o l s .
A t  l e a s t  13 c o y o t e s  were k i l l e d  d u r i n g  P a r t  I I I :  n i n e  by a e r i a l
h u n t i n g  and one each by t r a p s ,  s n a r e s ,  and t o x i c  c o l l a r s .  One c o y o t e  
may have been k i l l e d  by t h e  guard  dogs .  In a d d i t i o n ,  one dog d i e d
a f t e r  p u n c t u r i n g  a t o x i c  c o l l a r .  Coyotes  r u p t u r e d  13 c o l l a r s ;
e x c l u d i n g  pups and h u n t i n g  compani ons ( i . e . ,  coy o t es  w h i ch  d i d  no t  
d i r e c t l y  a t t a c k  c o l l a r e d  s h e e p ) ,  as many as 10 c o y o t e s  may have d i e d  
f r om D i ph a c i n o n e  p o i s o n i n g .  One M-44 was p u l l e d  and a p p a r e n t l y  k i l l e d  
a c o y o t e  bu t  no c a r ca s s  was f o u n d .
Of  t he  10 c o y o t e  s tomachs exami ned d u r i n g  P a r t  I I I ,  5 (50%) 
c o n t a i n e d  w o o l ;  o f  t he  33 c o y o t e  s tomachs examined by Munoz between 
9 Oc t o b e r  1975 and 29 Janua r y  1976,  11 (33%) c o n t a i n e d  w o o l .
The e a r l y  t o x i c  c o l l a r  t e s t  appea red  t o  r educe l o s s e s ;  0 . 2  
sheep per  day were k i l l e d  d u r i n g  t h i s  p e r i o d  i n P a r t  I I I  compared 
t o  1 .6 and 1.7 d u r i n g  P a r t s  I and I I ,  r e s p e c t i v e l y .  K i l l s  d u r i n g  t he
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l a s t  c o l l a r  t e s t  were 0 . 3  sheep per  day d u r i n g  P a r t  i l l  compared t o  
1.4 and 2 . 5  pe r  day ,  r e s p e c t i v e l y ,  d u r i n g  P a r t s  I and I I .
A e r i a l  h u n t i n g  appeared  t o  r educe l o s s e s  s l i g h t l y ;  2 . 2  sheep were 
k i l l e d  pe r  day d u r i n g  P a r t  I I I ,  w h i l e  l o s s e s  f o r  t he  same p e r i o d  
d u r i n g  P a r t s  I and I I  ave raged  2 . 9  and 3-5  sheep per  day ,  r e s p e c ­
t i v e l y .  Coyotes  s h i f t e d  f r om k i l l i n g  d u r i n g  e a r l y  mo r n i ng  hour s  
(11 o f  15 k i l l s  o r  73% o f  t he  t o t a l )  t o  k i l l i n g  d u r i n g  e v e n i n g  hour s  
(18 o f  23 k i l l s  o r  78% o f  t he  t o t a l )  in a p p a r e n t  r esponse  t o  a e r i a l  
h u n t i n g .  A l t e r n a t i v e l y ,  t he  mo r n i ng  k i l l e r s  may have been removed,  
o n l y  t o  be r e p l a c e d  by c o y o t e s  t h a t  k i l l e d  in t he  e v e n i n g .
K i l l i n g  ceased in t he  t e s t  Herd (A) 5 days a f t e r  b e g i n n i n g  t he  
dog t e s t  and resumed 11 days a f t e r  i t  ended.  Coyotes  k i l l e d  0 . 5  
sheep per  day i n Herd B and 1.5 per  day in P a r t s  I and I I  d u r i n g  
t he  same p e r i o d .  The mechanism f o r  t h i s  r e d u c t i o n  may have been 
a c t i v e  ( c h a s i n g  o r  k i l l i n g  c o y o t e s )  o r  p a s s i v e  ( l e a v i n g  t e r r i t o r i a l  
marks wh i ch  c o y o t e s  r e s p e c t e d ) .  I nc r e a s e d  a v a i l a b i l i t y  o f  a l t e r n a t e  
p r ey  was p r o b a b l y  an a d d i t i o n a l  f a c t o r  i n  t h i s  r e d u c t i o n .
The e f f e c t i v e n e s s  o f  c o n t r o l  methods appeared  t o  be i n v e r s e l y  
r e l a t e d  t o  c o y o t e  p o p u l a t i o n  movements and d e n s i t y ;  t h a t  i s ,  c o n t r o l s  
were  most  e f f e c t i v e  when r e p l ac e me n t  by i m m i g r a t i n g  c o y o t e s  was l e a s t  
1 i k e l y .
Of  t h e  c o y o t e  c o n t r o l  methods t e s t e d  between 9 Oc t o b e r  1975 and 
30 September  1976,  t he  t o x i c  c o l l a r  appeared  t o  be t he  most  s e l e c t i v e ,  
a e r i a l  h u n t i n g  l ess  s e l e c t i v e ,  and t r a p s ,  s n a r e s ,  and N-44s l e a s t  
s e l e c t i v e  f o r  k i l l i n g  d e p r e d a t i n g  c o y o t e s  on t he  Cook Ranch.  The
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guard dogs appeared  t o  be t he  most  e f f e c t i v e  method f o r  r e d u c i n g  
l osses  t o  c o y o t e s .
The m o b i l i t y  o f  c o y o t e s  makes t he  e l i m i n a t i o n  o f  c oy o t e s  damage 
in an a rea  l i k e  t he  Cook Ranch i m p o s s i b l e  w i t h o u t  c o n t r o l  o v e r  an 
area  l a r g e r  t han a s i n g l e  r anch .  The s e l e c t i o n  o f  c o n t r o l  methods 
( l e t h a l ,  as w i t h  k i l l i n g ,  o r  n o n - 1e t h a l ,  as w i t h  guard  d o g s ) , 
t h e r e f o r e ,  r e q u i r e s  e v a l u a t i o n  o f  t he  d e s i r a b i l i t y  o f  r e d u c i n g  
o v e r a l l  c o y o t e  p o p u l a t i o n  l e v e l s  and t h e  e f f e c t s  o f  such r e d u c t i o n  
on o t h e r  s p e c i e s .
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APPENDIX I
TOTAL MORTALITIES DURING PARTS I ,  I I ,  AND
(Numbers used t o  c a l c u l a t e  T a b le  1)
O r i g i n a l  no.  
o f  a n i ma l s
N a t u r a l
dea t hs^
P r e d a t o r
k i l l s Undetermi  ned
Unaccounted
f o r
To ta  1 
m o r t a 1 i t y
Lambs^ 1 ,253 72 335 5 7 419
1 1 2 , 006 1 1 1 339 6 22 538
1 1 1 1 ,656 181 221 7 30 439
Ewes 831 21 36 0 0 57
1 1 1 ,432 52 53 0 0 105
I I  1 1 ,099 58 16 1 0 75
Lambs
+
2 , 084 93 371 5 7 476
Ewes I I 3 ,438 163 452 6 22 643
1 1 1 2 , 755 239 237 8 30 514
o
^ P r e - ex p o s u r e  and f i e l d  dea t hs  no t  i n v o l v i n g  p r e d a t o r s ,  
b Docked lambs o n l y .
APPENDIX I I
CAUSES OF LAMB DEATHS^ PRIOR TO EXPOSURE DURING PARTS I ,  I I ,  AND I
(Numbers used t o  c a l c u l a t e  T a b le  2)
Cause |b 1 |C 1 1 1
A b o r t  i o n / S t i 1I b i  r t h 37 29 68
Mi see l  1aneous^ 53 14 158
Weak c a l f  syndrome 27 6 35
T o t a ] s 117 49 261
T o t a l  lamb c r op 1,327 2 , 0 4 4 1,911
^ I n c l u d e s  docked and undocked lambs.
^ From Henne (1975)
^ From Munoz (1976)
I n c l u d e s  b i r t h  d e f e c t s ,  a c c i d e n t s ,  t o o  weak t o  f e e d ,  s c o u r s ,  
e x p o s u r e ,  b a c t e r i a l  i n f e c t i o n s ,  and u n s p e c i f i e d  d e a t h s .
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APPENDIX I I I
FIELD DEATHS OF LAMBS FROM CAUSES OTHER THAN PREDATION
DURING PARTS I , I I , AND I I I
(Numbers used t o  c a l c u l a t e  T a b le  3)
Cause I I I  I I I
A c c i d e n t  1 3 4
B a c t e r i a l  i n f e c t i o n  0 I8 0
B l o a t  0 2 0
E n t e r o t o x e m i a  4 4 0
I n t e s t i n a l  b l oc k a g e  1 1 0
Maggot  i n f e s t a t i o n  1 1 2
Ma t e r na l  n e g l e c t  and s t a r v a t i o n  0 13 1
P a r a l y s i s  0 1 0
Pneumonia 10 23 7
Pneumonia and l i v e r  i n f e c t i o n  3 0 0
P r o l a p s e d  r ec t um 0 0 3
U n s p e c i f i e d  5 10 8
U r i n a r y  c a l c u l l i  1 0 0
Weak c a l f  syndrome 3 24 3
T o t a l s  29 100 28
T o t a l  exposed lamb c r o p  1,210 1 ,995 1,503
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APPENDIX IV
MORTALITY OF ALL DOCKED LAMBS FROM CAUSES OTHER THAN PREDATION
DURING PARTS I , I I ,  AND I I I
(Numbers used t o  c a l c u l a t e  T a b le  4)
I I I  I I I
No. docked 1 ,253 2 , 006  1,656
P r e - e x p o s u r e  dea t hs  43 11 153
F i e l d  d e a t h s  29 100 28
T o t a l s  72 111 181
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APPENDIX V
MORTALITY FOR ADULT EWES FROM CAUSES OTHER THAN PREDATION
DURING PARTS I , I I ,  AND I I I
(Numbers used t o  c a l c u l a t e  T a b le  5)
Cause 1 1 1 1 1 1
AccI  den t 1 1 2
B1 I ndness 1 0 0
B l o a t 4 2 3
E n t e r o t o x e m i  a 2 2 0
I n t e s t i n a l  b l o c k a g e 1 1 0
Lambing c o m p l i c a t i o n s 1 2 3
Maggot  i n f e s t a t i o n 0 4 1
Mas t i t i s 1 6 13
Old age c o m p l i c a t i o n s 6 18 26
Pneumon i a 2 14 4
Pneumonia and l i v e r  i n f e c t i o n 0 0 1
Unspec i f i e d 2 2 5
T o t a 1s 21 52 58
O r i g i n a l  ewe herd 831 1 ,432 1 ,099
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APPENDIX VI
HEALTH AT TIME OF DEATH OF SHEEP KILLED BY COYOTES
DURING PARTS 1, 1 1 , AND 1 1 1
(Numbers used t o c a l c u l a t e T ab l e  7)
P a r t Lambs Ewes T o t a l s
Numbers examined 1 I40 26 166
1 1 207 30 237
1 1 1 58 10 68
Hea1 t h y 1 105 18 123
1 1 148 16 164
1 1 1 32 3 35
Abnorma111 i es 1 27 6 33
p r e s e n t 1 1 40 12 52
1 1 1 18 6 24
Severe d i s o r d e r s 1 8 2 10
p r e s e n t 1 1 19 2 21
I I  1 8 1 9
Hea1th 1 190 7 197
u nde t e r m i  ned I I 187 20 207
1 1 1 156 3 159
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APPENDIX VI I
DEGREE OF FEEDING ON CARCASSES BY COYOTES DURING PARTS
(Numbers used t o  c a l c u l a t e  T a b le  8)
I , I U  AND I I I
P a r t Lambs Ewes T o t a 1s
Numbers 1 317 33 350
exam!ned 1 1 363 38 401
1 1 1 206 12 218
Wounded 1 23 4 27
1 1 44 4 48
1 1 1 28 1 29
No consump t i on 1 31 2 33
1 1 62 3 65
1 1 1 20 0 20
Very  l i g h t 1 35 3 38
1 1 31 2 33
1 1 1 11 2 13
L i g h t 1 76 11 87
1 1 95 13 108
1 1 1 74 2 76
Modera te 1 106 1 1 117
1 1 96 14 110
1 1 1 54 6 60
Extens  i v e 1 46 2 48
1 1 35 2 37
1 1 1 19 1 20
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APPENDIX. VI I I
LOCATION OF COYOTE-INFLICTED WOUNDS DURING PARTS I ,
(Numbers used t o  c a l c u l a t e  T a b le  9)
I I ,  AND I I I
P a r t
Numbers 
exami  ned
N e c k - t h r o a t  
on 1 y
Ot he r  a n t e r i o r  
t o  s h o u l d e r s
To r so  
o r  l egs
Lambs 1 321 213 95 13
1 1 391 274 102 15
1 1 1 205 142 50 13
Ewes 1 33 29 2 2
1 1 45 35 5 5
1 1 1 13 12 1 0
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APPENDIX IX
KILL SITES IN PASTURES WITH LOW AREAS
(Numbers used t o  c a l c u l a t e  T a b le  10)
Numbers 
exami  ned
Ki 1 l ed  
i n  low a r ea
Not  k i l l e d  
in low a rea
Lambs 1 194 79 115
1 1 295 82 213
1 1 1 129 25 103
Ewes 1 24 8 16
1 1 41 25 16
1 1 1 12 3 9
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APPENDIX X
ESTIMATED MINIMUM COYOTE USE DURING PARTS I ,  I I ,  AND I I I
(Numbers used t o  c a l c u l a t e  T a b le  11)
E s t .  no.  o f  
c o y o t e s  pe r  day 1
Number o f  days 
1 1 1 1 1
0 41 42 88
1 93 70 74
2 45 46 26
3 15 29 6
> 3 6 13 6
T o t a l  days 200 200 200
T o t a l  c o y o t e - u s e  days 253 303 168
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